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INTRODUCTION 



As a result of the Apollo 14 mission, approximately 42,285 grams of J^nar 
material wer^ returned. The samples include particles ranging from dust-size 
"Rin Rprtha" (sample 14321), with a mass of almost 9000 grams. This 
booklet includes petrographic descriptions of all Apollo 14 
than 1 cm in any dimension. It has been prepared as an intermediate suep 
in the compilation of a new Apollo 14 sample catalog. 

The format is different from that in catalogs previously prepared by the 
curatorial ILff because many of the samples in this collection have been 
extensively investigated. Consequently, rock descriptions were compiled 
from mlny sojjres. 'first of all, we looked the or gina notes taen 
by members of the preliminary ..J^J^ally, tte 

dpscriotions were found to be widely variable, both in detail and m use ^ 
of terminology. We have attempted to impart uniformity wherever possible, 
however words used by different members of PET such as light and dark, 
coarse-’, medium-, and fine-grained, etc., may not be used as consistently 
afwrwould have liked. In addition, we have attempted to summarize the 
oet^qShic literature, and again, we are faced with non-uniform termi- 
nology. ^A discussion of general nomenclature as applied to lunar b’^'^'^^ias 
by various investigators has been included. Although we have adhered to 
commonly accepted usages of geologic terms, we have included a list of 
petrographic terms frequently used in rock descriptions for convenience. 

When possible, we examined at least one >^epresentative thin section for 
each generic. Each section we described was photographed OlOx) in trans 
mitted light and is included herein. At least one pnotograph of each 
sample was selected from among those on file to provide a representative 

picture of the hand specimen. 

The sample description format we follow in this booklet consists of five 
parts: 

1) An introductory section which includes information on lunar sample 
lSca?i™n; bri elation, and return containers taken from the paper 
by Swann e;t (1977); 

2) A section on physical characteristics, which contains the sample 
mass, dimensions, and a brief description; 

3) Surface features, including zap pits, cavities, and fractures as 
seen in binocular view; 

4) Petrographic description, consisting of a binocular description 
^ and, if possible, a thin section description (Unless otherwise 

noted, the description is of the binocular view.); 

5) A discussion of literature relevant to sample 

^ eluded for samples which have previously been examined by the 

scientific community. 
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Because the booklet was prepared in this fashion, some samples will be 
seen to have received more attention than others. Along these same lines, 
j geneologies have been made for a few samples and have been in- 

their availability. We welcome any constructive 
on these efforts, and they will be considered in the preparation 
of the forthcoming Apollo 14 sample catalog. 


this booklet, we wish to emphasize that there is no sub- 
stitute to actually looking at the rock, and ask that investigators re- 
port all new or conf icting information on these (or any other) samples 
to the curator's office for incorporation in data packs kept on each gLric 
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Geologic Setting 


After the successful return of numerous basalt samples from the mare regions 
by the Apollo 11 and 12 missions, it was desirable to sample a different kind 
of area. For this reason a major objective of the Apollo 14 mission, was to 
sample material comprising the Fra Mauro Formation, which had been inter- 
preted as being a portion of the ejecta blanket deposited during the impact- 
formation of the Imbrium Basin {Gilbert, 1893; Eggleton, 1964; Wilhelms, 
1970). This event was believed to predate mare formation, and it was hoped 
that an age for the Imbrian event could be established through successful 
return of these samples. 

The geological formations in the area of the landing site are shown in 
figure 1. The formations shown on the map are subdivided into four age 
groups: pre-Imbrian (oldest), Imbrian, Eratosthenian, and Copernican 

(youngest), in accordance with U.S. Geological Survey usage. Imbrian forma- 
tions predominate the region of the Apollo 14 landing site. This area is 
known as the Fra Mauro region, and is a light-colored, topographically high 
area surrounded by maria. 

The Fra Mauro region and the Fra Mauro Formation are named for the crater 
Fra Mauro, an ancient, eroded, and partially buried crater 70 km south of 
the landing site. The Fra Mauro Formation is a distinctive ridged and fur- 
rowed unit surrounding the Imbrium Basin. This formation had traditionally 
been interpreted as fragmental ejecta from the Imbrium Basin since the idea 
was first proposed by G. K. Gilbert in 1893. In recent years, however, this 
idea has met with some challenge by investigators who point out that much 
local material excavated by secondary cratering is admixed with the Imbrium 
Basin material (Morrison and Oberbeck, 1975). 

The thickness of the Fra Mauro Formation is not known, and estimates vary by 
an order of magnitude. Off i eld (1970) estimates the thickness to be between 
100 and 200 meters based on its relation to the local topography, while 
Kovach (1971) finds it to be only 20 - 70 meters thick, using results from 
the active seismic experiment by the Apollo 14 astronauts. It is seen to 
cover 26,000 km^ in the region of the landing site, feathering to a thin 
edge in the vicinity of the crater Bonpland approximately 150 km to the 
south. A northwest- trending ridge, radial to the Imbrium Basin lies about 
600 meters east of the smooth terrain of the landing site. At the crest of 
this ridge is Cone Crater, a relatively young crater 340 meters deep. 

Here, it becomes important to know the thickness of the Fra Mauro Formation, 
for some of the material collected at station Cj (figure 2) is interpreted 
to be Cone Crater ejecta. The question is whether this material is from the 
Fra Mauro Formation, or from the underlying material. The relief of the 
ridge is 90 meters. If Cone Crater is only 70 - 80 meters deep, chances are 
the ejecta represents Fra Mauro material. 
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The Cone Crater event has been dated by Turner al . (1971). They show 
that the surface of the Cone Crater ejecta blanket has been in place for 
only 26-40 million years. The Imbrian event has been dated as being be- 
?weL 3.75 billion years (Sutter et al. , 1971), and 3.94 bil ion years 
old (NvQuist et al . , 1972). On the basis of terrestrial crater analogs, 
Gault et al. TT968) suggest that ejecta closest to the rim of Cone Crater 
must b^derived from the greatest depths, and that a mixture of ejecta 
from different depths occurs in rays extending outward from the crater. 
Doublet and Triplet craters are situated between the landing site and Cone 
Crater, and may have penetrated into Fra Mauro material. Samples from 
Station G and Gi, as well as from the Comprehensive sample, may be re- 
presentative of'ejecta from these events (Table 1, figure 2). More de- 
tailed information is available in a recent discussion by Hawke and Head 
(1977), in summaries by the Imbrium Consortium (1976), and Swann e^ il- 
(1972, 1977). 

The Apollo 14 Lunar Module (LM) landed in the Fra Mauro »'egion of the moon 
on February 5, 1971, at latitude 3° 40' 24 S, longitude 17 27 55 

?he landing sUe is located 1 ,230 km south of the center of the Imbrium 
Basin and 550 km south of the southern rim crest of the basin ’ 

1977). Figure 2 shows a map of the traverses -taken during the Apollo 14 

mission. 

Three phctogeologic map units were traversed during the two EVA's: 

1) a smooth terrain unit on which the LM landed, 

2) a cratered ridge of the Fra Mauro Formation which has slope angles 
of 10'’-15°, and 

3) the blocky rim deposit of Cone Crater, densely strewn with blocky 
ejecta 1-15 meters in size. 

The smooth unit was originally thought to be either highlands volcanic 
lateHa? Sr a of the Fra Mauro Formation that had been ponded 

“ loi areas between ridges (Eggleton and Offield. 1970). ^ primary objec- 

tive of the mission was to sample the Fra Mauro Formation. Other “^JbCtiv 
were the sampling of Cone Crater ejecta and the sampling of the smooth 
terrain around the LM. During the first EVA, the astronauts set up the 
Apollo lunar surface experiment package (ALSEP), collected the Contingency, 
Comprehensive, and Bulk Samples, and two football size Tocks 
(T^blf 2). On the second EVA, they travelled to the rim of Cone Crater. 

taking cores and grab samples enroute. 2^^fiq^ 

grab samples, cores, and trench samples were collected (Table 2, figure 2 ;. 
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Figure 2. Apollo 14 landing site showing LM location and area traversed by astronauts during EVAS 
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Table 1 

Sample Locations (Swann et al., 1977) 


SAMPLE NUMBER 


TRAVERSE STATION 


14001 to 14012 
14041 to 14046 
14047 and 14048 
14049 and 14050 
14051 and 14052 
14053 and 14054 
14055 to 14052 
14063 to 14065 
14066 and 14067 
14068 to 14072 
14073 to 14081 
14082 to 14084 
14140 to 14144 
14145 to 14156 
14160 to 14163 
14165 to 14189 
14190 to 14204 

14210 and 14211 
14220, 14230, 14240 
14250 to 14289 
14290 to 14297 

14301 

14302 

14303 

14304 

14305 

14306 

14307 

14308 

14309 

14310 

14311 

14312 

14313 

14314 to 14320 
14321 

14411 

14414 

14421 

14222 - 14453 


Contingency sample, EVA 1 
A 
B 

Bg 

C 

C2 

E 

Cl 

F 

C 

G 

Cl 

C 

G 

Bulk Sample 

Comprehensive Sample, EVA 1 
Unknown, Residue in weigh bag 
1031, EVA 2 
A 
G 

Comprehensive sample, EVA 1 
H (?) Residue in weigh bag 
1038, EVA 2 
G1 

EVA 1, part of 14305 FSR 
EVA 1, part of 14304 FSR 
EVA 1 , FSR 
EVA 1 , FSR 
G 
G 

Dg part of 14311 
EVA 2, unknown station 
G 

Dg 

H 

G1 

H 

Cl 

A, core bit 
G, core bit 
Comprehensive Sample 
Bulk Sample 


Table 2 


TRAVERSE STATION LOCATIONS AND 
DESCRIPTIONS 
(Swann ^ , 1977) 


LOCATION 

BETWEEN LM AND ALSEP 


DESCRIPTION 
SMOOTH UNIT 


1 50 m NW of LM and 90 m Fine grained 

N of North Triplet Crater friable breccia 


330 m NE of LM and 65 m Fine grained 

NNW of rim of Weird Crater elastics 


1.28-1.29 km ENE of LM and Fine grained 

approximately 95-100 m polymict breccia 

SE of rim of Cone Crater (Cone Crater ejecta) 


1.24-1.25 km ENE of LM and White Rock area, 

17-30 m SE of Cone Crater rim breccia 


150 m E of LM on north rim Coherent clastic 

crest of North Triplet Crater breccia 


230 m ESE of LM and 50 m E of Coherent clastic 
50 m E of North Triplet rim breccia 
crest 


Turtle Rock area. North Boulder Coherent clastic 
Field 70-80 m NW of LM breccia 


GENERAL PETROLOGY 


Although systems of rock classification should not be based on sample genesis, 
their interpretation generally is based on some underlying model of how sam- 
ples were formed. In the case of lunar samples, this model is relatively 
simple, but the resulting samples can be extremely complex. Primitive lunar 
crust is assumed to have been coarse-grained ianeous material. Coarse- 
grained igneous lunar samples have old ages (most have crystallization ages 
older than 4.0 billion years ago), hypidiomorphic-granular texture with a 
grain size generally greater than 1 mm, anorthositic compositions or high 
Mg/Fe ratios suggestive of a cumulate origin, low rare-earth values and 
positive Europium anomalies, and have low-siderophile element concentra- 
tions (Warner e_t a]_. , 1974). 

This primitive coarse grained material is assumed to beholder than most of the 
f in 0 _gi^’aT ned igneous material. This fine-grained material includes mare flood 
basalts and volcanics with associated pyroclastics. Tnese samples have ig- 
neous textures, lack mineral and lithic clasts, have low-siderophile concen- 
trations, and contain relatively little metallic iron (Warner ^ , 1974). 

The primary geologic process acting on this primitive material has been 
meteroid bombardment. The major phase of this bombardment was accomplished 
before the emplacement of the flood basalts, but has continued up to present 
times. Meteoroid bombardment constitutes the major weathering and rock 
forming agent acting on the lunar surface. Lunar soils and breccias form 
as a result of meteoroid impact, but there has been much debate over the 
actual lithification process. Because of the close chemical and mineralogic 
resemblance LSPET (1969) believed lunar breccias to be shock lithified soil. 
Two schools of thought emerged, with investigators such as King et al . (1970), 
Mason et (1970), Quaide and Bunch (1970), Shoemaker ^ |1. (1970), Wood 
et ^.~Tl970) favoring shock welding and Smith e^ (1970)7 McKay ^ 

XT970), and McKay and Morrison (1971) preferring thermal welding as the lithi- 
fication process responsible for breccia formation. Chao £t (1971) be- 
lieved breccias formed by low level shock compaction of the soil near the 
base of the regolith. He felt that this would occur at some distance from 
the impact. Studies of Apollo 14 breccias indicated thermal metamorphism 
to be the most reasonable model for breccia lithification (Warner, 1972; 
Jackson and Wil shire, 1972; Wil shire and Jackson, 1972; Chao e^ , 1972). 
More recently, using SEM techniques, Simonds et al . (1977) and Phinney ^ aj^. 
(1176) suggested that breccias form when hot silicate melt welds the relative- 
ly cool clastic fragments together during meteorite impact. 

The collection of rocks returned by the Apollo 14 mission consists of brec- 
cias, most of which are compound (or polymict) in their nature, and a few 
basalt samples. This is consistent with the idea that the Apollo 14 landing 
site was on the Fra Mauro Formation. A breccia is a rock consisting of angu- 
lar coarse-grained fragments in a fine grained matrix. Commonly, in the 
case of lunar breccias, there is no definite distinction between "matrix" and 
"clasts" because of the seriate texture of the rock. In these cases, we re- 
fer to fragments larger than 1 mm as clasts and those smaller than 1 mm as 
matrix to be consistent with the practices of the curatorial staff. 



Breccias have a higher siderophile element concentration than do lunar rocks 
of igneous origin implying that they contain some admixed meteoritic material. 
They contain both mineral and lithic clasts and have more metallic iron than 
do either the fine-grained or coarse-grained igneous rocks. 

The return of so many breccias as a result of the Apollo 14 mission made it 
important to devise a breccia classification scheme, and many investigators 
have done so. Wilshire and Jackson (1972) chose a simple descriptive means 
of classification which enables the rocks to be placed in categories (F1-F4) 
primarily on the basis of the color index of their clasts and the sample s 
coherence, a useful classification allowing the rocks to be categorized on 
the basis of hand specimen examination (Table 3). 

TABLE 3 


Basic Breccia Classification Scheme 
of Wilshire and Jackson (1972) 



FRIABLE 

COHERENT 

LIGHT 

CLASTS 

Fi 

Fz 

DARK 

CLASTS 

Fa 

F4 


Following more extensive observations, it was possible to invent more elabor- 
ate schemes, and a debate arose over the classification as well as over the 
origin of these breccias. Much of the debate stemmed from the lack of agree- 
ment on the stratigraphic history of the landing site (see General Geology). 
Most researchers had accepted the Fra Mauro Formation as being an ejecta 
blanket associated with the Imbrian event, and, there is undoubtedly a 
sizable contribution of material from the many post-Imbrian cratering events. 
This contribution could be merely a thin veneer- mixed with Imbrium ejecta or 
it could even be a thick regolith developed on Fra Mauro basalts as was sug- 
gested by Schonfeld and Meyer (1973). Many workers now accept the arguments 
of Chao (1972), Morrison and Oberbeck (1975), and Head and Hawke (1975) that 
the high degree of thermal effects in the rocks is more consistent with their 
origin by nearby smaller, pre-Imbrian events. This has recently been re- 
viewed by Hawke and Head (1977). 

Almost as many methods of classifications of these breccias were developed 
as there were articles written about them. Some, such as Chao ^ (1972), 

formed groups on teh basis of the clasts, thereby deriving genetic relation- 
ships. Chao's classification system is based on fragment population, nature 
of matrix, grain size and porosity, metamorphic history, and bulk chemical 
composition. He divided the Apollo 14 breccias into regolith microbreccias. 
Fra Mauro breccias, and spherule-rich microbreccias (Table 4). 
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TABLE 4 

Breccia Classification System 
of Criao ^ (1972) 

1. Regolith microbreccias 

a. Unshocked, porous 

b. Compact, nonporous 

c. Shocked 

2. Fra Mauro breccias 

a. Unannealed or slightly annealed, 
feldspathic breccias 

b. Moderately annealed breccias 

c. Strongly annealed (thermally metamorphosed) 
breccias 

Unshocked 

Shocked 

3. Spherule-rich, transported microbreccias 
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This classification is roughly comparable to that of Oackson and Wilshire 
(1972). Their is equivalent to the unshocked, porous regolith micro- 
breccia of Chao ^ (1972); F2 resembles the compact or shocked regolith 

microbreccia; F3 is analogous to unannealed (Fra Mauro) friable feldspathic 
microbreccia, and F4 resembles the strongly annealed (Fra Mauro) breccias 
of Chao et al. (1972). 



The distinction between shocked and unshocked samples in the classification 
of Chao et_ aj_. (1972) is mainly on the basis of the presence or absence 
of microfractures that cause the microbreccias to break across, rather than 
around, grain boundaries. Other shock features include shock-induced 
lamellar twinning in ilmenite grains, low porosity, and glass coating on 
the microbreccia chips. Compact regolith microbreccias that show no evi- 
dence of shock features were also observed (14313). 

The gradation between unannealtd to annealed breccias is analogous to that 
of Warner's (1972) low to high metamorphic grades. This model included three * 
metamorphic grades, low, medium, and high. He was able to form eight groups 
(1-8) corresponding to these grades. These were formed on the basis of 
abundance of matrix glass, abundance of glass clasts, and matrix texture. 

It was suggested that with increasing temperature, glass clasts and spher- 
ules devitrify and lose identity, while pyroxene and feldspar recrystallize 
developing more euhedral crystals, until, at the highest temperatures, the 
matrix melts. These 8 groups were correlated with temperature by Williams 
(1972) who found the range from 500°-1100°C to be sufficient to produce the 
observed features. Magnetic properties of the Apollo 14 samples correlate 
well with the metamorphic classification of Warner (1972). All observed 
magnetic characteristics can be attributed to the increase in grain size 
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of interstitial iron from the 100 A range in Warner's lowest metamorphic 
grade samples to grains larger than 1 ym in the highest grade samples (Gose 
^ , 1972) 

Quaide and Wrigley (1972) saw three groups: regolith breccias, white 

rock breccias, and annealed breccias. Others believed the matrix provided 
a good classification standard. Von Engelhardt e;t al_. (1972), using glass 
content as a criterion, divided breccias into 3 groups, each matched by a 
proposed origin: 

I. Glass-rich breccias - produced by meteorite impacts on regolith 

II. Glass-poor breccias - produced by impacting solid rock 

III, Glass-poor breccias with a crystalline matrix - produced by 
recrystallization of a base surge deposit or an impact melt 

Christie et al_. (1973) emphasize textural features, forming two groups 
(A & B) on the basis of the presence or absence of evidence of recrystalli- 
zation, and Lindsay (1972) formed two groups, I and II, on the basis of the 
presence or absence of glass. 

Later, more detailed studies of the matrices of the Apollo 14 breccias using 
the SEM indicated that the texture of Warner's group 1-7 is "heterogeneous 
and intermingled on a scale of millimeters" (Simonds et al_. , 1977). Based 
on these studies Simonds et (1977) have identified 3 breccia groups, 
which bear some resemblance to the groups of von Engelhardt e^ al_. (1972). 

The three groups they propose are: 

Crystalline matrix breccias (CMB) - those with coherent holocrystal- 
line matrices, at least vestiges of clasts, and meteorite contamination 
(evidenced by high siderophile content). 

Vitric matrix breccias (VMB) - impactites with a definite fragmental 
texture and abundant glass, glass-bearing clasts, and low melting point 
clasts. 

Light matrix breccias (LMB) - friable, porous, fragmental breccias, 
with little glass, lacking in recrystallization effects, and more 
feldspathic than the other two categories. 

Simonds et al . (1977) further subdivide their crystalline matrix breccias 
into 3 subgroups: 

(1) Clast-free impact melts (14310, 14276) 

(2) Clast-bearing impact melts - 1-15% clasts (14068) 

(3) Fra Mauro breccias - more than 15% clasts (all other Apollo 14 CMB's) 

Indeed, many of the Apollo 14 breccias are described by them as being crystal- 
line matrix breccias of the Fra Mauro type. 

Table 5 contains a list of Apollo 14 rocks and their classification by vari- 
ous investigators. The following observations can be made based on samples 
classified by the various schemes suggested: 


11 


TABLE 5 

COMPARISON OF VARIOUS BRECCIA CLASSIFICATION SCHEMES 


Sample 

Mass 

(q.) 

Wilshire 

and 

Jackson 

(1972) 

Warner 

(1972) 

Chao 
et al, 
TT972) 

Quaide and 
Wrigley 
(1972) 

von Engel hardt 
et al . 
TT97^ 

Simonds 
et al . 
TT977) 

14006 

12 

C 

high (6) 

2c unshocked 

Annealed 

Breccia 

Glass poor crys- 
talline matrix 

CHB 

14066 


F4 

high (7) 

2c shocked 

Annealed 

Breccia 

Glass poor crys- 
talline matrix 

CHB 

14169 

78.66 

F4 






CMB 

14171 

37,79 

F3 

med (4) 

2c shocked 



CMB 

14172 

32 

F4 






CHB 

14270 

25 

F4 

high (7) 

2c unshocked 



CHB 

14274 

15 

C 






CHB 

14303/304 3397 

F4 

high (6) 

2c shocked 

Annealed 

Breccia 


CHB 

14305/302 2497 

F4 

high (6) 

2c ' shocked 



CHB 

14311/308 3200 

F4 

high (5) 

2c unshocked 
2c shocked 

Annealed 

Breccia 

Glass poor crys- 
talline matrix 

CMB 

14312 

299 

F4 

high ( 

TV 

2c shocked 



CHB 

14314 

116 

F4 

high 1 


2c shocked 



CHB 

14319 

211 

F4 

high 1 

7 

2c shocked 



CHB 

14320 

64.9 

F4 

high 1 

\s) 

2c shocked 

Annealed 

Breccia 

Glass poor crys- 
talline matrix 

CHB 

14321 

9000 

F4 

rned (4) 

2b 

Annealed 

Breccia 

Glass poor crys- 
talline matrix 

CMB 

14306 

872 

F4 

med (4) 

2c shocked 

Annealed 

Breccia 


CHB 


14063 

135 

F3 

med (3) 

Fra Mauro 
Breccia 2a 

White Rock 
Breccia 

Glass poor with 
fragmental matrix 

LHB 

14064 

107 

F3 






LHB 

14083/82 

79 

F3 

med (3) 

2a 


Glass poor with 
fragmental matrix 

LHB 








Sample 


14041/42 


14045 


14047 


14049 


14255 




Wi Is hi re 
and 
Jackson 
(1972) 


FI 


Warner 

(1972) 


low (1) 


low (1, 


low [z] 


low (1' 


Chao 
et al. 
Tfgft) 


Regolith micro- 
breccia unshock- 
ed la Porous 


Regolith micro- 
breccia unshock- 
ed la Porous 


Regolith micro- 
breccia unshock- 
ed la Porous 


Regolith micro- 
breccia unshock- 
ed la Porous 





Quaide and von Engel hardt Simonds 
Wrigley et al. et al. 

0972) mm TT977) 

VHB 


VMB 

VHB 


Glass rich rego- VHB 
lith breccia 

Regolith Glass rich rego- VHB 

Breccia lith breccia 

~VMB~ 
VHB CHB 

clasts 

VHB_ 

VMB 

VHB 

VHB 

VHB 


Glass rich rego- VMB 

lith breccia 

Regolith VMB 

Breccia 

VMB 

Regolith Glass rich rego- VMB 

Breccia lith breccia 





• All CMB's are F4 except 14171 (F3) 

• All LMB's are F3 

• All VMB's are Fj or Fg except 14264 {F4) 

• Twice as many VMB's are F2 as Fi 

• All CMB’s are Warner's grade 4 or higher except 14171 {3} 

• All LMB's are Warner's grade 3 

• All VMB's are Warner’s grade 3 or lower 

In fact, the groups formed by von Engelhardt ^al. (1972) contain the same 

members as the groups proposed by Simonds e^^.~Tl977) without exception 
(Tables 5 and 6). 

TABLE 6 

Comparison of the Classifications 
Simonds et (1977) and von Engelhardt et (1972) 

Simonds et al_. , 1977 von Engelhardt ^ al_. , 1972 

CMB Glass poor with crystalline matrix 

LMB Glass poor with fragmental matrix 

VMB Glass rich regolith breccia 


It is not so easy to relate the classification of Chao ^ a2* (1972) to the 
others because his was based on clasts, but all CMB's studied by Chao were 
placed in his group 2c except 14321, which was classified as a 2b. Moreover, 
all the 2c breccias are CMB's and Fij's except 14171 which is a F3. An in- 
teresting feature noted by our group in observing clast populations is the 
association of chondrules or chondrule-like bodies with the larger samples 
of the 14300 series. Smaller samples contain more amorphous "glassy" masses 
and matrix glass. 

It is interesting to note the numerous similarities that must exist among 
those groups of breccias for there to be so few exceptions when attempts 
are made to correlate different classification schemes. This suggests that 
there are natural groupings of breccias and/or there might be something 
fairly unusual about samples that are exceptions to these groupings, such 
as 14171, 14264, and 14321. For the purposes of this booklet, we will rely 
on criteria recognized by von Engelhardt et al_. (1972) and Simonds et al . 
(1977) as being effective in forming groups among the lunar breccias. 
Differences among these groups are relatively uncomplicated and distinctive. 
In addition, the small but important difference in chemical composition (Mg 
and Al) noticed by Simonds et a1_. (1977) (figure 3) for CMB, VMB and LMB 
types is persuasive e,vidence of their basic difference. Unlike Simonds 
^ (1977), however, we will tend to refer to samples such as 14310 and 

14276 as melt rocks rather than "clast-free impact melt crystalline matrix 
breccias." 
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Figures. MgO vs AI 2 O 3 plot for Apollo 14 samples. (After Simonds et al., 1977) 
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A basalt is a fine grained, usually dark colored, igneous rock which common- 

r^gln.’ It 1s ^o^possd pn«r11y P 

nvrnxene and other mafic minerals such as olivine. Lunar basalts differ 
from terrestrial basalts chiefly in their minor element composition. _ Lunar 
basalts typically contain more Ti 02 , rare earth elements, and zirconium, 
anri Ipss nickel than their terrestrial counterparts. The plagioclase is 
more\alcic in lunar basalts, being ^nso or more in composition while terras 
trial basalts are more likely to be in the labradonte range of plagioclase 
composition. 

Tt was anticioated from early data on the large ion lithophyle (LIL) 

rM Keep basalts f™ the Apollo that Fta Maoro samples 

would have similar characteristics. Hubbard 
similarities among other KREEP basalts and JP“”» 

AI 2 O 3 and FeO as discriminating factors. Hubbard et al. U 972) show that 
mare basalts are distinguished from non mare basal tsTKREEP and low k) by 
higher FeO {> 14%) and lower AI 2 O 3 (< 12%) concentrations. 

Some disagreement exists regarding the classifiUtion of cryst^^^^ 
rocks Of the crystalline rocks returned during the Apollo 14 mission, 
very few are regarded as basalts by virtually all investigators, w® 
SteroSt prl?iously, samples 14310 and 14276 are classified as crystal- 
l?nfmatHx bl^Lcias of the clast-free impact melt variety by Simonds ^ H, 

(1977). 

When we can recognize remnant clasts or other 

nT ObvIoSsfy! mai; ^amplerdSJlic^l^g'ia^Jt’l^ ESunrand composition 

:KSrnVt« 

glJeMc cLrotftlonL Those samples are referred to merely as crystal- 
line rocks. 



Glossary of Terms Used in Petrographic Descriptions 

anorthite - triclinic plagioclase feldspar with the composition (Cago-ioo* 
fi^io-o) Al2Si208 

anorthosite - rock nair^ for an igneous rock (or lithic fragment) composed 
almost entirely of plagioclase (usually calcic plagioclase). Lunar 
anorthosites have a granulitic texture. 

basalt - a fine grained, usually dark colored, igneous rock which commonly 
is extrusive in origin. Composition of basalt, ordinarily, includes 
primarily calcic plagioclase, pyroxene, and other mafic minerals, such 
as olivine. 

breccia - a clastic rock with angular and broken rock fragments in a finer 
grained matrix. For purposes of this catalog, breccia fragments larger 
than 1 mm are designated as clasts, and those smaller than 1 mm are re- 
ferred to as matrix. 

clast - fragmental part of a breccia larger than 1 mm. A clast may be lithic, 
mineral, or glass in lunar breccias. 

coherent - consolidated; not friable; doesn't crumble easily 

crystallite - a broad term applied to grains or crystals which are too small 
for identification 

dendritic - minerals that have crystallized in a branching or feathery 
pattern, commonly in a glassy matrix 

devitrified - said of a glass which has converted to a crystalline texture 
after its solidification 

fragmental rock - any clastic rock; rock composed of fragments of other rocks, 
minerals, or glass; includes breccias and microbreccias 

friable - said of a rock that crumbles naturally or is easily broken; poorly 
consolidated; poorly cemented; not coherent 

gabbro - coarse grained equivalent of basalt, commonly intrusive in origin 

“glass" - a term used in optical petrographic descriptions to denote 
amphorous and/or cryptocrystalline material 

leucocratic - light colored; applied to a light-colored igneous rock relative- 
ly poor in mafic minerals 


matrix *- smaller or finer grained material filling interstices between the 
larger grains or particles of a rock; for purposes of this catalog, 
portion of a breccia smaller than 1 mm in size 

melanocratic - dark colored; usually applied to dark colored igneous rock 
rich in mafic minerals 

melt rock - igneous rock which is neither intrusive nor extrusive in origin, 
but formed by melting during meteoroid impact. These rocks resemble 
basalts, but have "ghost clasts," or small areas of textural homogene- 
ity enclosed in a fabric of a different texture; occasionally these ex- 
hibit remnant clasts, which appear as xenocrysts 

mesocratic - composed of subequal amounts of light and dark constituents; 
applied to igneous rocks intermediate in color between leucocratic 
and melanocratic 

mesostasis - the last-formed interstitial material, either glassy or apha- 
nitic, of an igneous rock 

microbreccia - a faieccia with no clasts larger than 1 mm; a clast of a 
breccia from previous generation within another breccia 

norite - a coarse grained plutonic rock containing calcic plagioclase and 
orthopyroxene 

ophitic - texture of a hoi ocrystal line, hypidiomorphic rock in which lath- 
shaped plagioclase crystals are partially or completely enclosed by 
pyroxene crystals 

phenocryst - a term used for a large crystal in a porphyritic igneous rock 

poikilitic - igneous rock texture in which small crystals of one mineral 

(e.g. plagioclase) are irregularly scattered without common orientation 
in a larger crystal of another mineral (e.g. pyroxene) 



polymict - said of a breccia containing fragments of differing composition |c 


seriate - texture in which grain size varies gradually or in a continuous * 

series from large to small 

subophitic - said of the ophitic texture of an igneous rock in which the 

feldspar crystals are approximately the same size as the pyroxene and *. 

are only partially enclosed by them 

troctolite - a coarse grained plutonic rock containing calcic plagioclase 
and olivine, with little or no pyroxene 


zap pit - micrometeoroid impact crater on a lunar sample; commonly lined 
with glass 
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14006, 21 


14006,5 


Note: Variation in glass content 
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Sample 14006 was collected as part of the contingency sample during the first 
EVA in the vicinity of the lunar module. It was returned in weigh bag 1039 


along with the rest of the contingency sample. 


PHYSICAL CHARACTERISTICS 
Mass 


Dimensions 


12.13 g 


3.0 X 2.0 X 1.3 cm 


This rock is a coherent, dark medium gray breccia with leucncratic clasts com- 
prising less than one percent of the sample. Thin section examination re- 
veals the sample to be inhomogeneous witli respect to glass content. 


SURFACE FEATURES 


Sample 14006 is pitted with one fresh surface. _ The pits are glass lined and 
vary in size from 0.3 to 0.7 mm. Pit density is very low. 


Vugs are present, covering less than 5% of the surface of the sample. They 
range in size from 0.1 to 0.5 mm and are spaced approximately 4 mm apart. 
They are irregular to subcircular in shape, and are homogeneous in distribu- 
tion. Plagioclase crystals projecting from the walls are clear to gray, 
but were not observed in thin section. One non-planar fracture cuts the 
rock. The fracture surface texture appears typical of that of the rest of 
the sample. 


PETROGRAPHIC DESCRIPTION 


In thin section 14006 is a fine grained, texturally heterogeneous, fragmental 
rock. . Less than one percent of the rock is composed of 1 mm clasts. These 
are composed of plagioclase cumulates with minor olivine (40%), pale yellow 
pyroxene (10%), gray pyroxene (50%), and scattered opaque minerals. The 
matrix is very fine grained with some glass. There are small masses of a 
reddish-orange glass present as distinct units in the matrix. The matrix 
is nearly opaque and shows gradation of size from very fine-grained up to 
rather coarse-grained. The grains that comprise the matrix material appear 
to be single crystal fragments to small lithic fragments. 


Vugs are round to irregular and comprise approximately 5% of the sections. 
The size of the vjgs vary from 0.1 mm up to 0.5 mm. There are no crystals 
projecting into any of the vugs. 


The clasts (> 1 mm fragments) consist of a wide variety of lithic fragments 
as well as single mineral grains. Among the lithic clasts present are the 
following: plagioclase cumulates with olivine; fine-grained polymict brec- 

cias; and a few devitrified glass fragments. The remainder of the clasts 
consist of single crystal fragments of plagioclase and pyroxene. _ Many of 
the pyroxene grains show reaction rims. Most of the mineral grains show 
well developed cleavage patterns. Many of the larger plagioclase grains 
are multi -twinned. 
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The fragments throughout the sections show little to no shock effects. Some 
of the plagioclase forms radiating bundles which may be a devitrification 
feature. Several "ghost" clasts are present which are clasts that blend in 
with the matrix in such a manner as to make their distinction very difficult. 
These clasts, however, are distinct in texture and composition as to distin- 
guish them one from another. Localized pods of fine grained matrix occurs 
intermingled with stringers of coarser grained matrix surrounding it. 

DISCUSSION 

Sample 14006 is one of the rocks studied by Warner (1972), Wilshire and 
Jackson (1972), Chao e^ (1972), Quaide and Wrigley (1972), von Engelhardt 
et (1972), and Simonds ^ al_. (1977). They agree that it is a glass poor 
breccia with a crystalline matrix. Chao et (1972) classify it as unshock 
ed strongly annealed Fra Mauro breccia (2cT. Warner (1972) and Chao et al . 
(1977) list it as having been thermally metamorphosed. Simonds et (1977) 
classify it as a CMB (see Table 4, p. ). Simonds et^ (1977)~studied 
sample 14006,5. Our group examined 14006,7 and 14006,21 and found the matrix 
to consist of 5 - 6% glass. These sections appear to be more like the IMS’s 
of Simonds ^ aj_. , or the glass-poor with a fragmental matrix rocks of 
von Engelhardt ^ (1972). They do not have enough glass to be classed as 

a VMB, but neither sample 14006,7 nor sample 14006,21 is a CMB. On the 
other hand, the thin sections show the clear cut difference from one thin 
section to another — 14006,5 appears to have a crystalline matrix with littl 
or no glass visible. 

Phinney et al- (1976) studied sample 14006,6 and described it as a tough, 
crystanTne“Freccia with 15 - 20% vugs and vesicles. The matrix is des- 
cribed as consisting of 10 - 20 ym plagioclase and clinopyroxene, with 5 ym 
ilmenite and smaller than 5 ym interstitial potassium feldspar. Grains are 
mostly equigranular and interlocking, but some are subhedral in shape. 

Sample 14006 is said to have the typical major and trace element chemistry 
of Apollo 14 basaltic breccias of KREEP composition (Hubbard ^. , 1972) 
except that both have low K and Rb concentrations accompanied by increases 
in K/Rb ratios (Gibson and Hubbard, 1972). 

Scanning electron microscope studies (McKay ^ , 1972) reveal that 14006 

has vapor phase deposited minerals lining cavities. A limit at 1050°C has 
been placed on the temperature to which this sample was heated, because the 
sample has been depleted in K and Rb but not Na, and because of the vapor 
phase deposition (Gibson and Hubbard, 1972). 


14007 



S-71-25324 


EvTin contingency sample during the fir 

along with the other contingency samp e^ j" 

sists of residue fines fror?;§0l!M0li!)^^'^°°’‘^'^°^^^- con- 


^HYSICAL CHARACTERISTir^ 


Mass: 

3.67 g 

This sample is a moderately coherent, 
SURFACE FEATHRF<; 


Dimensions : 

2.4 X 1.1 X 0.6 cm 
gray, polymict breccia. 


s™ple 14007 contains no tap pits and has a blocky, relatively smooth surfac 
fracture'tra™ects cfasts!^'^ Present In a fracture. This planar 



PETROGRAPHIC DESCRIPTION 

ThG sampls is fine-grainGd with an averags grain size of 0.1 iriin. It appears 
to be textural 1y homogeneous, but mineralogically inhomogeneous. The sample 
consists of 20% clasts larger than one mm, and 80% matrix. Of these clasts, 
90% are leucocratic and 10% mesocratic lithic fragments. The mesocratic frag 
ments consist mainly of olivine, with possible accessory pyroxene. The leuco 
cratic clasts are of two varieties. One is 60% plagioclase and 40% brownish 
gray pyroxene, and the other is 90% plagioclase and 10% olivine. The largest 
leucocratic clasts are 8 mm in size. 

The matrix consists of 65% medium gray pyroxene and 35% plagioclase. The 
plagioclase seems to be somewhat lath-shaped. Traces of opaques and a pink- 
ish orange mineral (spinel?) are also present in the matrix. 

DISCUSSION 

Sample 14007 is classified by Wilshire and Jackson (1972) as an F 2 . 
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14008 


Sample 14008 was collected from the LM vicinity during the first EVA as part 
of the contingency sample. It was returned in weigh bag 1039 along with the 
rest of the contingency samples (14001-14012). 


PHYSICAL CHARACTERISTICS 


Dimensions 


Sample 14008 is a medium gray, friable, breccia with only one visible clast 
larger than 1 mm. 


SURFACE FEATURES 


Some deep zap pits are present with an average size of 0.6 mm. No vugs or 
fractures can be Sv^en on this fragment. The lunar top cannot be accurately 
determined because the sample appears to have been broken (probably in tran 





PETROGRAPHIC DESCRIPTION 

Sample 14008 is a fine grained fragmental rock with an average grain size 
less than 0.1 mm. It is textural ly and mineralogically homogeneous. 

The one clast larger than one mm is a black angular fragment. Visible com- 
ponents of the matrix include plagioclase, olivine, pyroxene, glass, and 
lithic fragments. Lithic fragments are mesocratic with a large proportion 
of feldspar. Pyroxene accounts for up to 50% of the fragments, while 10% 
are composed of pyroxene and olivine. Glass is present both as spheres and 
angular fragments. 


DISCUSSION 

Wilshire and Jackson (1972) tentatively identified it as an Fj 
small to chip for thin section determination. 


but it is too 




S-71-25329 


Sample 14009 was collected as part of the contingency sample during the first 
EVA. It was collected, along with the other contingency samples (14001-14012) 
from the vicinity of the LM and these were returned in weigh bag 1039. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.09 g 0.7 X 0.9 X 1 .3 cm 

This is a medium gray, friable, polymict breccia with 3-5% clasts larger than 
1 mm. 

SURFACE FEATURES 

There are no zap pits or cavities present. Two planar fractures occur paral- 
lel to one another spaced 1 mm apart. 

PETROGRAPHIC DESCRIPTION 

This polymict breccia is texturally and mineralogically inhomogeneous. It is 
fine grained with an average grain size of less than 0.1 mm. Clasts larger 
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than ,1.0 mm comprise the rock and ar^ 

clast is 3 mm across anu contains mi iKyxeiu^ section is avail 

mineral. This clast may exM | ^°^p1e. Both angular and spherical dark 

IXc"‘4;SeS’s! TeMrt appears to be om1ne. 







039 along with the rest of the contingency sample (14001-1401Z) . 
'HYSICAL CHARACTERISTICS 


1.00 g 


Dimensions 
2.4 X 2.5 X 0.5 cm 


his sample is a friable, gray, polymict breccia with 10% clasts larger than 
nm. 

,IJRFACE FEATURES 

;,is,Ks :;srM «■";! « ~-:u 

Tacture cuts this sample. 

PETROGRAPHIC DESCRIPTION 

Samole 14010 is a friable fine-grained polymict breccia with an average gram 






size of 0.05 mm. 

Ten percent of the fragments are larger than 1 mm and 90% are matrix 
S^theL^dlstf^ ThiSI'^nSr'^’ pyroxene, and possibly olivine comprise 70% 

(olivine?), 2% ilmenite, and 25% b?LJ mineS 
iK^sJmfglass!^^ contains smaller fragments of the clast components 


I 



S-71 -26096 


Sample 14011 was collected during the first EVA from the vicinity of the LM 
as part of the contingency sample. It was returned in weigh bag 1039 along 
with the rest of the contingency sample (14001-14012). 


PHYSICAL CHARACTERISTICS 


This is a medium gray, blocky, friable, polymict breccia with 12 clasts 
larger than 1 mn. 


S URFACE FEATURES 


Dust filled zap pits are very sparsely distributed over the surface. They 
average 1 mm in size and do not appear to be glass-lined. 


PETROGRAPHIC DESCRIPTION 


This friable, polymict breccia has 12 clasts larger than 1 mm and 992 matrix. 
Clasts consist of both lithic fragments and mineral fragments in subequal 


Mass 


Dimensions 


0.68 g 



proportions. One clast is 1.5 mm in size and consists of subangular chalky 
white plagioclase which contains a cross-cutting glass vein. One 1.0 mm 
fragment is angular, deep brown pyroxene which shows some cleavage. One 
melanocratic clast contains 10% white plagioclase, 5% brown pyroxene and 1% 
leucocratic rock fragments. The matrix contains 5% glass, 10% plagioclase, 
5% brown pyroxene, 1% leucocratic lithic fragments, and the remainder is too 
fine to resolve. 
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14042,18 









n 


'■■■ ‘I 




- f >- 

■ ;* c • ; .- 



■ --v- 









No photo available 
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'hysical characte ristics 
Mass 


Dimensions 


14041 166.3 g 

14042 103.2 g 

1 4043 5 . 9 g 

14045 65.2 g 


8.0 X 5.0 X 4.0 cm 

5.5 X 4.0 X 4.2 cm 

3.5 X 1.8 X 1.8 cm 

7.0 X 4.0 X 3.0 cm 


14045 65.2 g _ rock with less than 

'proportion of clasts but 1s 

therwise similar. 



<;ilRFACE FEATURES 

Glass-lined microcraters cover 14041^ ^A^small^cloT (4 x 5 mm) 

covers 5? of the surface on one end of arevisible In the glass coat- 

is welded to this glass coating. Some zap pits e ^ sample 

ing. Glass coating is also present on 1 - 2* of the sur ^ 

14042 has pits from 1 - 6 "™ ?he atandance on sample 14041. 

pfts'rrf alsfrroson/SrsSpU 14043 and 14045. occurring on rounded sur- 

faces. 

Numerous fractures are present on all these rocks. 

PETROGRAPHIC DESCRIPTIOIj 

These rocks are very ^ell^aflithic^f^^^ 

mm with very few clasts. ri yellow olivine fragments 

white feldspar, cinnamon brown (^ess than 1%) with ilmemte 

recognizable in all but 14043. °gPnes a Lithic clasts contain 

??^e:fte!^iUr"o/S! r°onror^i^?;ufn^^-ilite to about 15 um 
diameter* as observed under the binocular microscope. 

Thin section 14041 ,6 is glass rich, ^nd would clasts 

the classification of Simonds ‘rrolSoclase-rich breccias 

(> 1 mm) present in the section, ^oth cla distinct plagioclase crystal 

with a partly glassy matrix. The ^mst type type has no distinct 

fragments and shows only minor shock^e^ hock ef- 

fn'tJrShd tjpe the pymene crystals show some mlcrofaulting. 

The matrix of the roch coosists of^pproxlmately^ 
glass which Is nearly opaque. There are numerous g y u 

Lettered throughout. There are also several^^lar^^oi^^ y^ matrix. Is 
present which show minor deyitr , . g pyroxene with minor lithic 

composed of crystal t^^^ments of plagio^ inclusions. Approx 

^r‘thfmf/rirf 

"“r^vIcSsl!!" 'a‘S XU Sre!e-me bodies are also present. Almost 
all of the matrix material shows some shock effects. 


Samples 14042,18 
contain abundant 
of Simonds et al_, 
these sections, 
clasts than does 
types recognized 


and 14042.19 are similar to tlirclassIfiLtlon 

spherical glassy c asts And are VMBs using the ci 

iSudl^asalfSthln'lntersertal texture, anorthositic 


breccia and devi trifled rock fragments. One basalt clast with a coarse 

gralned’diabasic texture Is present in WJMS- orthfovroxene 

are present and are scattered throughout the sample. All 

oralSrhave many inclusions. More glass clasts are Present in sample 14042,18 

than in 14042,19. Sample 14042,12 was U Is tl- 

HocrrihP it as containinq 2-3% matrix glass with 35% porosity. 

cribed as friable, with some shattered grains. Matrix glass ® 

tpxtiire with many 5 - 10 ym size grains. Most matrix grains fall in the 

1 - 5 pm size range, with many smaller than 1 pm. Grains are angular to sub- 

angular in shape. 

Samole 14045 also contains glass in the matrix. Thin section 14045,8 contains 
3 nn?nximatelv 20% matrix "glass". In addition, there are large areas of de- 
vi trifled glass present and some very small crystalline fragments. A few 
glass masses exhibit signs of flowage. 

Almost all the fragmental glass occurs as shards, with few . 

sSrtoVfrSgmeTts vUiblL One small crystalline 

Tt is composed of pyroxene with minor plagioclase. All clasts are n^^cr 
breccia fragments with included mineral fragment shards and 5% amorphous 

material in the matrix. 


DISCUSSION 














PHYSICAL CHARACTERISTir.S 


Dimeirsions 


^ brownish-gray, blocky. subangular, fine-grained clastic rock 
fragile^^'^^^^ surface. One side is concave. The rock is very friable and 


SURFACE FEATURES 


Approximately 30% of the irregular surface of sample 14047 is covered with 
glass spatter, which appears to be the cementing agent of the hackly fraa- 
men.., on the surface. There are no microcraters on the glassy spatLr bu 

the surface, ranging in size from less than 
0.1 to 1.5 njn. Glass lined zap pits have small raised rims. 


The rock is highly fractured, with approximately twenty non-planar fractures 


Sample 14047 was collected at station B, 330 m NE of LM and 65 m NNW of 
?n%LSRC°fo06!'"^ Crater. It was placed in documented bag 5N and returne( 



occurring in two sets, 
glass spatter. 


The fractured segments are held together in part by 


Only the pits on the rounded side of the rock have a glass lining. The frac- 
tured side may be the bottom of the rock. 


PETROGRAPHIC DESCRIPTION 


This rock crumbles easily when handled. It has a homogeneous texture with 
an average grain size of less than 0.1 mm. One of the leucocratic lithic 
clasts on the N face is 14 mm in size (S-76-23341 ) . 


Thin section 14047,53 shows two main types of c asts. The first is a crys- 
talline breccia with large pyroxene and plagioclase shards. The second 
type is large shards of partly devitrified to fresh yellowish glass. Where 
devitrification has taken place the crystals are dendritic and scattered 
along fractures and near the boundary of the glass. One large mass of 


TidCturco aiiu neap j t i Ij. • i 4. ^ 

glass shows residual pyroxene granules showing a skeletal pattern isolated 
in the glass. In hand specimen there appears to be no glass^or mineral 


fragments present, however, in thin section they are abundant. In the 
thin section, there is approximately 30% glass in the matrix. The glass 
is a "dirty" yellow brown and discontinuous. Several spheres of yellow 
glass are also present. The unusual feature of the section is the large 
amount of fresh glass. 


Megascopically, 1% of the fragments are greater than 1 mm. Leucocratic 
lithic fragments compose 20% of the rock. These white fragments have 
olive bS lSots. m so ebundant 1n thin section ) The opaque content 
is extremely low, consisting of angular to subrounded clasts of ilmemte 
with subordinate metallic iron in a fine grained silicate matrix. In order 
of decreasing abundance, ilmenite, metal, troilite and a few small {10 ym) 
grains of chromian spinel are present. 


DISCUSSION 


Samole 14047 was described as friable with leucocratic clasts and Placed 
fn their ^category by Wilshire and Jackson (1972) It was described as 
being low grade metamorphic and placed in group 1 of Warner 
et al (1972) described it as an unshocked porous regolith microbreccia, 
FTadng it in his la category. Simonds et 0.977) classify it as a 
VMB. Silver (1972), Laul ^ , (1972), aid^ Wakita ^ al. , 1^) 

suggest that 14047 is merely compacted soil ; however, ^^^_^ 99 lutinate content 
is very low for even a submature surface soil (Simonds, 1978, Personal Com- 
munication). 
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Sample 14049 was collected during the second EVA from station Bg. It was 
placed in bag 6N by the astronauts who said they collected it from a crater 
rim. The lunar location and orientation are not documented by lunar surface 
photographs. 


PHYSICAL CHARACTERISTICS 


Mass Dimensions 

200.13 g 8. 0x5. 0x4. 0 cm 

This fragmental rock has less than 1?J subrounded leucocratic clasts in a 
medium gray matrix and is extremely friable and soft. 

SURFACE FEATURES 

Sample 14049 is lacking in zap pits and has no cavities or fractures 
visible on the surface. 



PETROGRAPHIC DESCRIPTION 

The rock is very fine grained and appears homogeneous. Mineral grains that 
were identified include transparent feldspar, greenish and brownish glass, 
and one dark brown spherule. No fragments are greater than 1 mm. There 
are no opaques in the matrix except for several ragged metal grains up to 
100 pm in diameter. 

Thin section 14049,0 is somewhat similar to 14047,53 in that there is a 
large amount of fresh glass shards in the matrix. There is approximately 
20% yellow glass in the bonding material that holds the clasts and fragments. 
There is one large elongate glass glob with several rounded and eroded pyrox- 
ene crystals in it. There are no lithic or mineral clasts present. There is 
at least two different matrix fabrics present with a sharp dividing line be- 
tween them. Unlike 14047,53, some of the glass has undergone some devitrifi- 
cation. The only lithics present are plagioclase-rich microbreccias and 
pyroxene-rich microbreccias. The mineral fragments are about equal amounts 
of pyroxene and plagioclase. 


DISCUSSION 


This is one of the softest rocks of the Apollo 14 mission. A shocked basal- 
tic fragment consisting of diaplectic plagioclase glass and pyroxene with 
lamellae were found in sample 14049 and reported by von Engelhardt et al . 
(1972), who classify the sample as a glass rich regolith breccia. It is 
classified as an Fj by Wilshire and Jackson (1972) and as Warner's group 2 
(Warner, 1972). Chao et, (1972), describe it as an unshocked porous 
regolith microbreccia. Simonds e^^. (1977), classify the rock as a vitric 
matrix breccia (VMB). Sample 14049 has the greatest agglutinate content (3% 
by volume) of any Apollo 14 breccia that they studied. 
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14051,6 


OKIGINAT. PAGE IS 
OF POUR QUALITY 



Sample 14051 was collected at station C which was located 1.29 km ENE of LM 
and approximately 95 m SE of the rim of Cone Crater. The sample was collect- 
ed on a gentle southward slope and was partly buried. The area was charac- 
terized by abundant fragments ranging from the limit of resolution up to 1.5 
m blocks. The sample was returned in documented bag 7N in ALSRC 1006. 

The general area where the sample was collected is characterized by abundant 
5 to 70 cm craters. Most are moderately subdued and have abundant ejecta 
around several of the 50 - 70 cm craters. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

•| 91 . 3 g 3x3. 5x6 cm 

The sample is a pale brown, blocky to subrounded, fragmental rock. 

SURFACE FE , ORES 

Approximately U of the rock surface is covered with 0.5 to 2.0 mm pits. They 
are irregular, elongate, h*'''’ spherical and circular. Few pits are rectangular. 


S, surface contains vugs up to i mn i -,tures. 

vpnt fractures and there are no the orientation 

There are no ^PParent fractures ^ Since the 

The rock is ^he rock is not orientabie, 

of the pits seem random, tne 

• 4. Tw cmaller than i m and the texture oi 

The grain size is scattered clasts), 

alogy ai"® homogeneous (exc p 


• d clastic rock with scattered 

'rafts'^ Thrioc^rpoUrcl/wiV^ 

Sing'up less than « of fragments This represents 

f ti;Str;Uall?ne'matr1x breccia («, , 

casts larger than 0.5 mm are rmoft" clear and very 

^ ^rinlinL feldspar-r,c r ch „p „ 0.5 mm in site. 

Dale brown. Some clear grains nav y ^rattered 

, thin section the rock appears holoc^ttar’ne wUh.s^^ 

In thin section rather vuggy with 1 - 2 mm ''^9^- , with some 

^rsfst pSaHlr'o " =-rn“dIy;KTs%r:^se l=?r^any of the plagic 

, ,, 977 ) feel that this rock represents an ejecta f^®9'^f'/™er 

S"cHtH^: 'f?ej also feel tMt the rock^was^not^a 

rocks in the same area because 

„„shire and Oackson (1972) tentatively grouped 14051 
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The sample is slabb>, :^>th rectangular to rounded corners. One side has 
been freshly broken awd <inweathered. The exposed surface displays rounding 
and microcraters. 




14053, 6 


page w 

PUUK quality 


Sample 14053 was collected at station C2 approximately 1.21 km ENE of LM 
and approximately 130 m south of the rim of Cone Crater. The area where 
the sample was collected is characterized by a 10-15° southward slope away 
from Cone Crater. The area is moderately covered by blocks ranging from 
the limit of resolution up to 2.5 m. The larger boulders are rounded 
while the smaller ones are more angular to rounded. 


Abundant small irregular craters {< 10 cm) are present in the general 
area of the sample locale. Very few distinct 15 to 30 cm craters are pre- 
sent. The whole area appears to be in the continuous ejecta blanket of 
Cone Crater. 


The sample was returned in documented bag 14N in ALSRC 1006. 


PHYSICAL CHARACTERISTICS 


Mass 


Dimensions 


SURFACE FEATURES 


The flat, relatively fresh surface is unpitted. The convex surface has 
gentle relief with some prominences of approximately 1-3 mm in height. 

These features are not abrupt but rounded. Pits appear on the convex 
surface but not on the flat surface. Pits are glass lined and have a size 
range from 0. 5-3.0 mm. Average pit size is 1 to 2 mm. Density of pits 
is approximately 10 pits per square centimeter. 

Cavities are both vesicular and vuggy. Irregular vugs range from 1-2 mm 
in size. Small vugs {0.5 mm diameter) and vesicules (1 mm in diameter) 
contain feldspar and orthopyroxene crystals. 

There are three planar and four non-planar fractures appearing in two sets. 
Fractures have an irregular orientation. There are numerous hair-like 
cracks a few millimeters long. The entire fracture pattern is somewhat 
irregular. 

There are fragments of what appears to be soil clinging to the Bi surface 
(NASA photo # S-75-33972). 

PETROGRAPHIC DESCRIPTION 


14053 is a holocrystalline, fine-grained, equigranular mare basalt. Approxi 
mately 30% of section 14053,6 consists of plagioclase laths, and the remain- 
der is pyroxene. There are, as is seen in hand specimen, tv/o types of 
pyroxene present. The higher value assigned to feldspar (60%) in hand 
specimen may be due to the inhomogeneous nature of the rock. In texture 
and mineral proportion this rock appears different from Apollo 11 and 12 
basaltic rocks. There is abundant cristobalite (5-10%) and a small amount 
of olivine present in the thin section. 

Upon close examination the rock appears to be inhomogeneous in hand 
specimen. Some areas display relative concentration of oliv’ne and pyroxene 
These inhomogenities are on a 1-2 cm scale. 

DISCUSSION 


Sample 14053 is listed as a basalt by Wilshire and Jackson (1972) and by 
Quaide and Wrigley (1972) and as a mare basalt by Simonds et al. (1977). 
Many, including Swann et al . (1977), believe that 14053 is a clast from a 
larger breccia boulder. Crystalline rocks are rare in the Apollo 14 collec- 
tion. In a 1971 memo D. Morrison notes that fragments of soil clinging to 
the bottom may actually be the remanents of breccia matrix which once en- 
closed the rock. 

Sample 14053 is described by Hubbard et (1972) as a mare-like basalt, 
with FeO > 14%, but the AI 2 O 3 concentration is more like that of KREEP 
basalts (> 12%), making 14053 intermediate in composition. Sample 14053 
also has low REE values, but an intermediate K/U ratio. Ridley (1975) 
concluded that the sources of aluminous mare basalts such as 14053, are 
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not significantly different from the sources of the common mare basalts. 

He felt that slight chemical changes in the lunar mantle was more important 
in producing aluminous mare basalts than pressure. 

Papanastassiou et al. (1971) determined the Rb-Sr age to be 3.96 t 0.04 x 
1Q9 years for sample 14053. The ^^Ar /^^Ar thermal release patterns allowed 
Husain ^ al_. (1972) to assign an exposure age of 21 I 5 x 10^ years to sample 
14053,34, .while the age of formation is given by them as 3.92 i 0.08 x 10 
years based on ^*^Ar/^^Ar plateau. Age data also suggest that formation of 
aluminous mare basalts was not a unique event, but occurred over a 0.5 b.y. 
period. During this time the zone of incipient melting moved to progressive- 
ly higher pressures, but the composition of aluminous mare basalts occupies 
a relatively narrow range, supporting Ridley's (1975) claim that the chemi- 
cal changes in the heterogeneous mantle is the significant factor in 
aluminous basalt production. 

Wenk et al . (1972) determined the average plagioclase composition to be 
Anqi q in sample 14053 using thin sections 14053,11; 14053,19; and 
14055,61. Czank ^ al_. (1972) found An content of 14053,45 to be 89-94 
using the U-stage, and 85-93 using index of refraction. 

Chose et al . (1972) studied cl i nopyroxenes of samples 14053,44. They found 
that the sample had been quenched quickly at a temperature higher than 
1000“C. Morgan et al. (1972) indicate that 14053 has a low siderophile 
content (Au 0.11 ppbT. Finger et (1972), on the basis of their pyroxene 
studies, concluded that the original cooling rate of sample 14053,116 must 
have been very slow, and that it had been reheated afterwards uo a tempera- 
ture greater than 840°C and then coolec down rapidly. 








14055,11 



Original page is 


^1mm ' 


H05a‘!fic6lVa1? 

rS]'w]?fLry%riabir27’Sn‘'™“^ because the 

were very triable 27.50 gm or residue were generated (14062). 

PHYSICAL CHARACTERISTICS 


Mass 


Dimensions 


in g 


2.0 X 5.0 X 4.5 cm 


The sample is a blocky subangular 
glass-lined zap pits. The sample 
rocks with 5 to 15% of the sample 
clasts in brownish-gray matrix. 


to subrounded rock lightly covered with 
IS a very friable fine-grained clastic 
consisting of subrounded light-colored 


SURFACE FEATURES 


Approxmately one-third of the sample is glass-coated. This coating is 
1 - 5 mm thick and exhibits fluidal and vesicular texture 


Pits areglass lined and range in size from 0.1 to 0.75 mm. Pits cover 25 % 
of one side of the rock. There is a low pit density in the glass coating. 

The only cavities present in the glass spatter are collapsed vesicles which 
ranp from 0.1 mm to 1.5 mm and are hemispherical in shape with a homogeneous 
distribution. Glass covers 30% of sample 14055. 

of non-planar fractures. The first has an orientation 
of 40 to the long axis. The second set includes many randomly oriented 
member with spalled surfaces. These irregular fractures are adjacent to the 
glass spatter. One surface of 14055 is a fracture surface. 

PETROGRAPHIC DESCRIPTION 

14055 is a medium gray clastic rock with 5% clasts larger than 1 mm and 95% 
matrix. The matrix contains milky white feldspar, cinnamon brown to reddish 
pyroxene, and several other mafic minerals. 

Thin section 14055,11 shows that the rock is inhomogeneous in that there are 
two distinct textures in the matrix as in 14049,40. There are abundant 
glass fragments, both shards and spheres, many of which have undergone some 
devitrification. There is approximately 20% glass in the matrix. There are 
no clasts, but numerous mineral fragments. Most of the mineral fragments are 
pyroxene. Clasts are all lithic leucocratic crystalline rocks. Most clasts 
have associated traces of glass. There are no dark lithic clasts. The 
average grain size is less S-han 0.1 mm. 

DISCUSSION 

Only limited work has been done on this sample. Wilshire and Jackson (1972) 
describe sample 14055 as an Fi breccia (friable with light clasts). It was 
placed in Warner's (1972) group 1 (low grade metamorphic) and classified 
as a porous unshocked regolith microbreccia by Chao ^ (1972), and as a 

glass rich regolith with breccia (von Engelhardt et al., 1972) and a vitric 
matrix b>^eccia (VMB) by Simonds ^al. (1977). ThTsTs one of the samples 
mapped by Twedell et al. (1978). 





S-71-26100 




PHYSICAL CHARACTE RISTICS 


Dimensions 
2.2 X 2.1 X 1.5 cm 


i Je is extre^ei,. friable and appears to be a coberent soil Cob. It 
is medium brownish gray m color. 

mmJMmi fractures. 

SaMe 14066 is a soil clod with no v,s,ble pUs. 

ppx pnnRftPHIC DESCR IPTION 

sample 14056 is fragmental, composed 'f %Je'‘?eSoc?ltif lUhic^f^agment^ 
rfruSrMap’er rtb'in"^ect^ihf b^ been made of 14066 due to ns 
extreme friability. 


Hr 




14057 


S-71-26088 


rs iro^r:it;sS^erHrs?r.or/- 

physical r .HARACTERISTICj, 

Dimensions 

Mass 

2.5 X 1.7 X 1.2 cm 

The lalpll is very friabie and is brownish gray in color. 

<;iiRFACE features 

A few glass-lined zap pits are visible. 

DcTDhr.PAPHlC DESCRIPIIOW K.ndlino are 

This roch is so soft and ^ller^ ’ - 

present. It is composed almost ent y , ^ laths of plagioclase. bo 

E " arfi«-5=“ r‘“ “ ‘ - “ 

vfisible in the matrix. 


DISCUSSION 


This sample is 
in the matrix. 


very friable and is noteworthy for the glass spheres present 
It is similar to 14056 and 14055. 






PHYSICAL CHARACTERISTICS 


Dimensions 
2.5 X 2.0 X 1.5 cm 


^^2 <^.OX£;.UAI.s^ v,m 

sK'i.-ss.S 

comprising 15% of the rock. 

SURFACE FEATURES 

Irregular clasts form sharp points above surface level. No zap pits were 
observed. 

PETROGRAPHIC DESCRIPTION 

sample 14058 is e polymlct ^-omental rock with If^clasts larger^than^l - 
SoHly’" Clastl^’^esl ^^Ifts’a^e’cSole?^f 70. white powdery mineral 
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(feldspar?), 20% lath-shaped feldspar crystals with albite twinning, and 10% 
opaques (probably ilmenite). The feldspar crystals exhibit a preferred orien- 
tation parallel to the long axis of the clasts. 

Clasts of equant black finely crystalline material are present in lesser 
amounts. Feldspar clasts and spherical as well as angular black glass frag- 
ments are also present. A powdery brownish-red mineral is present in patches. 
Black glass fragments compose 20% of the rock, lithic fragments compose 60%, 
and mineral fragments coinpose 20%. 


DISCUSSION 

The sample is extremely friable and cannot be cut for thin sectioning without 
impregnation. It is probably a piece of 14055. 




14059 



S-71 -26080 


Sample 14059 was collected during the second EVA from station E. It was 
placed in bag 15N by the astronauts, and returned in ALSRC 1006 along with 
samples 14055-14062. 


PHYSICAL CHARACTERISTICS 


8.68 g 


Dimensions 
1.2 X 1.2 X 1.0 cm 


This sample consists of two pieces, the larger of which is very irregular 
in shape and the smaller, subrounded. The dimensions given are those of the 
larger piece. 

SURFACE FEATURES 

All surfaces are pitted, but only one glass-lined pit was seen. The pits 
range from 0.1 to 1.0 mm in size. 

I 

PETROGRAPHIC DESCRIPTION 


Sample 14059 is fine-grained, with an average grain size of 0.05 mm. It is 
extremely friable and is homogeneous in texture and mineralogy. It is 



medium gray in color and resembles 14056 and 14057. All grains are smaller 
than 1 mm. The matrix consists of plagioclase laths, mineral fragments, 
brown and green glass, and leucocratic lithic fragments. The largest lithic 
fragments are 0.4 mm in size. A possible glass vein cuts one of the samples. 

DISCUSSION 


The sample is too friable for cutting and can only be sectioned by impreg- 
nation. 



14060 


Sample 14060 was collected from station E during the second EVA. It was 
placed in bag 15N by the astronauts and returned in ALSRC 1006 alonq with 
14055-14062. 


PHYSICAL CHARACTERISTICS 


fi3ss Dimensions 

1.0x1. 5x1. 5 cm 

Sample 14060 is a well rounded (almost 'spherical), friable, fragmental rock 
and is medium gray in color. 

SURFACE FEATURES 

Two kinds of pits are present. One type, with a density of approximately 2 
pits/cm , is small but deep, with diameter to depth ratios of 1:1 or 1-2 
The second type is more abundant, with 3 pits/cm2. These are large (1-4’mm 
in size) but shallow, with diameter to depth ratios of approximately 3:1. 
These pits overlap and probably have steady state distribution according to 
Horz, who was the PET member describing this sample. The pits are not glass 





PETROGRAPHIC DESCRIPTION 

This sample is a fine-grained, friable, almost spherical, fragmental rock. 
It has less than one percent clasts greater than 1 mm in size. Angular 
black glass fragments 1 mm in size are present. Feldspar fragments account 
for less than 1 % of the rock. 
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S-71-26087 


ORIGINAL PA.GE K 
OF POOR QUALITY 


Sample 14061 was collected during the second EVA from station E. It was 
placed in bag 15N by the astronauts and returned in ALSRC 1006 along with 
14055-14062. (Sample 14062 is residue.) 


PHYSICAL CHARACTERISTICS 


3.11 g 


Dimensions 
1.5 X 1.7 X 1.2 cm 


This sample is friable and appears grayish brown in color. It is an equi- 
dimensional, subrounded block. 

SURFACE FEATURES 

The surface features are obscured by a heavy dust cover. 

PETROGRAPHIC DESCRIPTION 

Sample 14061 is a friable, fine-grained fragmental rock with a 1 mm thick 
dust cover. It appears to be polymict with more than 99% of the grains less 
than 1 mm. One visible mineral grain appears to be a euhedral plagioclase 
crystal 5 mm long. 





14063 


ORIGINAL 


14063, 56 








Sample 14063 Is one of the hand-size grab samples collected during the 
second EVA at station Cl in the White Rocks area. Its exact lunar loca- 
tion and orientation are unknown and there are no lunar surface photographs 
in which this sample is identified. It was returned along with 14064 and 
14065 in bag 16N in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

135.55 g 6.0 x 4.0 cm 

This sample is shaped like a slightly flattened sphere, broken across one 
edge. It is a light gray fragmental rock with 20-25% clasts. It is moder- 
ately friable. 

SURFACE FEATURES 

Pits cover 25% of the surface and are < 0.1 to ’2 mm in size. Glass lining 
the pits is dark brown and bubbly. The matrix is very white feldspar-rich 
so it is difficult to explain why the zap pit linings are dark. 

Cavities present are clast molds ranging in size from 0.2 to 8 mm and occur 
over 15% of the surface area on one side. 

One fracture set with planar and irregular fracture surfaces is present with 
random orientation. 

PETROGRAPHIC DESCRIPTION 

Sample 14063 is a fine grained, light gray, inhomogeneous, fragmental rock 
composed of 20-25% clasts and 75-80% matrix grains. Fifty percent of the 
fragments greater than 0.1 mm in size are mineral fragments and 50% are 
lithic fragments. A trace of glass is present. 

Thin section 14063,59 shows one large glass clast that is highly fractured 
and has undergone partial devitrification. Scattered throughout the section 
are shards of glass, most showing some small degree of devitrification. Occa- 
sional, almost totally devitrified masses are seen. The only clasts present 
are glass-rich breccias with remainder being mineral fragments and one anor- 
thositic-type rock with minor pyroxene. There is approximately 1% "glass" 
in the matrix. Mineral fragments include transparent to cloudy, anhedral to 
subhedral plagioclase and pyroxene (to 0.9 mm); opaques such as ilmenite 
present as clasts and in lithic fragments (to 10 ym); iron metal present as 
clasts and blebs within lithic fragments (< 10 ym); and minor troilite; red- 
dish-brown pyroxene (less than 0.1 mm), yellow-green equant crystals of 
olivine (to 0.2 mm). The lithic fragments seen in thin section consist of 
shocked crystalline rocks containing small amounts of glass, glass-rich 
microbreccia, nearly hoi ocrystal line microbreccia, and feldspar granulitic 
rocks. 
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DISCUSSION 

Sample 14063 is one of the so-called "White Rocks". It has been described 
as friable with dark clasts (F3) by Wilshire and Jackson (1972), placed 
Warner's (1972) group 3, Chao ^ aj^. (1972) list it as an annealed, or 
slightly annealed, feldspathic Fra Mauro breccia, and Quaide and Wrigley 
(1972) formed a new group for it, calling it a "white rock breccia". 

Von Engelhardt e^ (1972) and Simonds ^ (1977) place it in a 

category intermediate between their glass-rich and crystalline matrix 
breccias, calling it glass -poor with a fragmental matrix, and a light 
matrix breccia (LMB), respectively. It was also studied by Anderson et al. 
(1972). 

Meyer ^ (1974) believe that there may be a KREEP component in 14063. 

Ridley (1975) points out that a group of crystalline clasts in sample 14063 
are aluminous mare basalts with higher concentrations of Ti02, Na20, Mg, Fe, 
and less FeO than other aluminous mare basalts. 

One thin section of 14063 was obtained by the Imfarium Consortium during their 
preliminary work, and Marvin (1976) describes the white rocks as containing 
gray to dark gray aphanitic clasts. In section 14063,17, clasts are less 
common than in 14064, and are described as comprising less than 5% of the 
section (Ryder and Bower, 1976). Ryder and Bower (1976) studied the series 
of clasts in the Apollo 14 white rocks (14063, 14064, and 14082/83) which 
show poikilitic texture and KREEP composition. These are interpreted to 
form as the result of crystallization of silicate melts rather than from 
metamorphism of breccias. (Most of their data come from sample 14064, 
however) . 

Steele and Smith (1976) found sample 14063,14 to contain at least four dis- 
tinct lithologies. Contributing mineralogic or rock types were identified 
as: 1) dunite with minor chromite, very high Mg ilmenite (MgO > 8.2 wt %), 

and bronzite; 2) spinel troctolite with olivine (Fo79) and Mg-Al spinel; 

3) high-Ti, mare-like basalt with high-Mg ilmenite and coarse (exolved?) 
pyroxene; 4) low-KREEP noritic breccia; 5) anorthosite (?); 6) very Ni-rich 
(40 wt %) Fe metal. They also identified a mare basalt component as well as 
other rock types similar to those previously recognized. They believe that 
the Ni-rich metal possibly formed in equilibrium with olivine early in 
lunar history. They believe 14063 to be a possible sample of pre-Imbrium 
regolith bases on the absence of Ti-rich spinel and troilite, the rarity of 
metal, and the lack of metamorphism sufficient to have devitrified glass 
or recrystallized dark-matrix clasts. 
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Sample 14064 was collected in the White Rocks arec> at Station Cl and was 
returned in bag 16 along with 14063 and 14065 (residue) in ALSRC 1006, 
There was a strong feeling at the LRL that 14064 and 14063 
same rock because not only do they look very much alike, but 14064 has a 
protruding 1 cm clast, while 14063 has a 1 cm clast mold. Nobody was able 
to fit the two together, however, and Cdr. Shepard stated that he had put 
"a couple" of hand specimens. into bag 16, which is what was found. Sample 
14064 is one of those studied by the Imbrium Consortium. 


PHYSICAL CHARACTERISTICS 

Mass Dimensions 

107.5 g 6.0 X 4.0 X 4.0 cm 

This sample is pale gray with a leucocratic matrix and contains approxi- 
mately 40% clasts and 60% matrix. The sample is friable. 


SURFACE FEATURES 

Pits are glass-lined and occur on 1% of the surface. The sample is very 
friable and the patina covering the specimen flaked off except for traces 
around zap pits. 

The smoothly rounded surface is pocked with clast molds ranging in size 
from 1 to 10 mm. 

Many fractures occur around clasts and two sets of planar fractures cut 
the rock. 


PETROGRAPHIC DESCRIPTION 

Sample 14064 is a fine grained friable "white rock". This rock was studied 
extensively by members of the Imbrium Consortium (1976) who discussed 
several clast types in great detail. They found the matrix to consist of 
monomict breccia zones, as is 14082/83, and 14063, rather than being 
homogeneous. This distinguishes these so called "White rocks from other 
lunar breccias (Imbrium Consortium, 1976). 


KREEP-rich melt fragments make up a large proportion of thin sections 
studied by the consortium. Troctolitic breccia zones are also present, 
consisting of plagioclase, olivine, and orthopyroxene. 


Thin Section 14064,34 is a nearly hoi ocrystal line breccia with large 
plagioclase clasts. The crystals are slightly shocked and blocky in 
outline. There are large to small fragments of a turbid brownish phase 
that was unresol vable. The remainder of the matrix is a seriate mixture 
of pyroxene and plagioclase fragments. 


DISCUSSION 

Sample 14064 was classified by Wilshire and Jackson (1972) as F 3 and as an 
im by Simonds et al. (1977). The Imbrium Consortium (1976) studied it 
extensively, finding most of the clasts to be poikilitic, KREEP-rich melt 
rocks, and secondarily, pi agi ocl ase-oli vine-orthopyroxene (troctolitic 
breccias). These areas occur as zones, distinguishing the White Rocks 
from other lunar breccias. 

Ryder and Bower (1976) concluded that the KREEP-rich, fragment laden litho- 
logy of 14064, as well as of the other White Rocks (14063 and 14082/83) is 
a result of the crystallization of a silicate melt containing solid silicate 
fragments. They felt that it is more likely that this melt resulted from 
the total melting by meteoritic impact, of a polymict, plagioclase-rich 
source region, the fragments being picked up as the melt moved outward from 
the point of impact. 
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preceding page blank not FILMEB 

14066 


S-77-23485 


1 cm 
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14066,37 


Sample 14066 was collected at Station F on the second EVA. The sample was 
found in ^he vicinity of Weird Crater. No orientation or photographic docu- 
mentation was obtained. The only picture which shows the general area is 
64-9137, Pan B, which may contain the exact sample location. 

Ttie sample was returned in documented bag 17N in ALSRC 1006. It is essen- 
tially a grab sample. 

PHYSICAL CHARACTERISTICS 

|v|ass Dimensions 

509.8 g 9 . 8x6. 5x5. 7 cm 

This sample is a fragmental rock composed of 25% fragments greater than 1 mm 
and 75% of fraqment less than 1 mm. It is very light gray in color with som 
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c;iirF ACE features 


OVfSi nwu !>■««« 

The surface of the root has a high pit density 

S^L^^^he^saa^irirre^S^seiy pltLTon one side than It is on the others. 

_ rm _ Tt^«C*0 


lolS frt Slar tl'irrSfar 1 n'sh!pe'’and rLge%™ 1 « I'^l^They Icllr 
in clusters at one end of the sample. 

• _ L 


There are two sets of f-ctures with Irregular 
rr:o‘c“t fn^ ;"eru^?e?fh%rv;rafsJ^a?lTh1ps falling off. 


petrographic description 


14066 is a very light gray, Jgy^"^astrarrsc^ 

of i 1 ». several arge «diun f?”™ents of crystalline 

sample. Clasts greater than 1 « are 98t |;-";^th1c fragments appear to be 

rocks and 2% feldspar mineral These clasts are angular 

parts of a medium gray finely cy size. Some fragments have pla- 

and very i„%J,e^iJe groundmass. The matrix consists of 

gioclase phenocrysts set 3 a trace of brown pyroxene, opaque 

S’nrrJlf.ISS ^o??vfnr.“1oS’^ol^“ti;eltl5s‘prr%lasts have reaction rims sug- 

gesting some reaction with the matrix. 


l^ecTiofs^Tr^o^m ^d°i ftSTa-nU f- m^aT inkl^srs^f^lSe 

> 1 mm clasts. 


The samples examined with their proper parents designated were: 
Sample Parent D ominant Clast t 1 g l 

— on dark matrix breccia, shoe 

14066,34 anorthosite and shocked f 


dark matrix breccia, shocked 
anorthosite and shocked pyroxene 
aggregates 


14066,49 


dark matrix breccia, anorthositic 
rock, and pyroxene aggregates 


14066,50 


dark matrix breccia, shocked _ 
pyroxene aggregates, and plagio- 
clase vitrophyric rock 




In summing the i^esults of ^J^inal agreement ms found. In this survey little 
shire and Jackson (1972), nomin ^ in the > 1 mm clasts. This 

to no noritic type viilshire and Jackson's paper, 

is the second most common type clast in wiisnire anu 
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DISCUSSION 


14066 is noteworthy for the abundance of clasts of a single lithology (medium 
gray crystalline rock) and the possible reaction rims on some of the feldspar 
clasts. 

Wilshire and Jackson (1-972) classed the rock as an Fi, with a high concentra- 
tion of dark meta-cl<rstic clasts in the > 1 mm portion. Warner (1972) 
classified it as being high grade metamorphic (grade 7), and Chao et al . 
(1972) list it as a strongly annealed, shocked breccia. It is listed by 
quaide and Wrigley (1972) as an annealed breccia, by von Engelhardt et al . 
(1972) as a glass poor breccia with a crystalline matrix, and by Simonds 

(1977) as a crystalline matrix breccia (CMB). Phinney ^ (1976) 

describe 14066,9 as moderately friable with 15 - 20% of the matrix occupied 
by vugs and vesicles. The sample is highly fractured, with fractures cutting 
clasts as well as matrix. The matrix is described as being composed of sub- 
hedral to anhedral zones plagioclase 5 - 20 pm pyroxene with accessory 
5 pm ilmenite arranged in interlocking grains. 

This is one of the samples mapped by Twedell £t £!_. (1978). 



14068 


S-71 -30338 


14068,8 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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Sample 14068 was collected during the second EVA from station C and placed 

surface rocks collected while a gray 
layer, just under the surface, was samples {14140-14143) at station C' f 

PHYSICAL CHARACTERISTICS 
Mass 
35.47 g 


Dimensions 
4.2 X 3.2 X 2.7 cm 


I'‘>''>crysta1l1ne, melt rock with less than 

SURFACE FEATURES 

The surface contains numerous zap pits ranging in size from 0.1 to 0.7 mm. 

The only cavities are those produced by intersecting fractures. Numerous 
non-planar fractures appear in multiple sets averaging 2 mm in length. 

Some vugs or vesicles are visible in thin section. 

PETROGRAPHIC DESCRIPTION 

Sample 14068 is a walnut-size holocrystall ine melt rock with large grains of 

^ ™ "P ^he rock. The grain siz^?s 

very samll, with average grams less than 0.1 nm. 

Thin section 14068,8 shows the matrix clusters and fans of devitrification 
hosting larger, partly eroded mineral fragments. The thin section 
also shows a high percentage {10-15*) of void areas 0 . 05 - 0.2 1 No cm- 

irregular to ^ 

DISCUSSION 


Sample 14068 has been studied in detail by several investigators. It is 
the only sample representing Warner's (1972) grade 8, a high grade metamor- 

9 lass nor glass clasts. The^large percent- 
age of MgO reported by Hubbard et al. (1972) accounts for the 2oi nlivi-nr 

Sa“rn"eTTf97l)^'tJf e" clasL^orteS’by""" 

Warner (1972). Warner found no glass in the matrix and rare, partly devitri 

Mineral and lithic clasts are aescribed as'^having rajqed 
average plagioclase composition is re;iorted by Warner L being 
averages En 72 , and olivine compositions are reported as ^ 
Fo 79_ for prisms and Fos 7 to Fob 4 for clast cores. Warner interoreted 

Wiliams (1972? ^ temperature that the matrix melted. 

1100“c"^^ 0 972) found the temperature required to melt it to be at least 
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Wil shire and Jackson (1972) classified it as a homogeneous crystalline meta 
breccia. 

It is classified as a clast laden impact melt rock (CMB) by Simonds et al . 
(1977). 

Helz (1972) did an extensive petrographic and chemical study of 14068, 
which included making a detailed map of 14068,10 and smaller sketches of 
14068,7 and 14068,11. She accounts for the observed features with a petro- 
genetic outline of the history of rock 14068: 

0 ) The melting, involving temperatures beyond the igneous range, 
was the result of meteorite impact. The molten bleb produced 
was fairly small. 

(2) The melt picked up plagioclase clasts and nickel -iron blebs. 

There was sufficient turbulence for the clasts to be mixed 
throughout the bleb. 

(3) The melt picked up the olivine, orthopyroxene, lithic and 
glassy fragments. Most of the glassy clasts softened and 
vesiculated. 

(4) The melt made contact with some of the dark breccia ("north" 
side) while still quite fluid. 

(5) The melt made contact with the dark breccia on the "south" side 
while still plastic, but it was not as fluid as in step 4. 

(6) Rock 14068 has not been involved in any major brecciation or 
thermal metamorphic events since solidification of the olivine- 
rich groundmass was completed. 








crater just south of station C (Swann et , 1977). 
PHYS TCAL CHARACTERISTICS 


Mass 
24.9 g 


Dimensions 
4.0 X 3.0 X 2.5 cm 


Sample 14069 is a blocky, gray, finely crystalline breccia with a sugary 
texture. 

SURFACE FEATUR ES 

The surface is very irregular with no ’'sfteriSrvugr'' 

^ugs!1« ^fright Inglel some ai 45». Shile others form botryoidal lumps 
on cavity walls. 

Three sets of planar fractures occur: set 1 has one 

ap^JenU? ™JdSroHenta« on!^ut they may parallel clast edges. 


PETROGRAPHIC DESCRIPTION 

This rock is crystalline and composed of "Ic,ues 

plagioclase and red-brown equant pyroxene. A trace ot oiacK, equ h 

are present. 

Minerals lining the vugs include feldspar, pyroxene, ® f ^'J^^tire^f 

black mineral, and a colorless averaqe^^'^One 4 x 2 mm plagioclase 

14069 is fine grained, with grains 0.2 mm average, uny x mi m y 

crystal is preLnt. The sample appears similar to 14070. 



S'SS“iEE35; ;H€?F ”■ 


, 1 mm. 


DISCUSSION 

This rock was described by Wilshire and Jackson (1972) as crystalline. 
Ihin sfctirn efamination Reveals 14069 to be a crystalline breccia (or 
CMB) using the Simonds et (1977) classification. 



14070 


.1mm 




Sample 14070 was collected from station C, 1.28 km ENE of the LM, and 100 
m SE of the rim of Cone Crater during the second EVA. It appears to have 
been ejecta from Cone Crater that -was later re-ejected from a 30 m crater 
in the vicinity (Swann et^ al_. , 1977). 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

36.5 g 4.2 x 3.0 x 2.0 cm 

This is a blocky, subangular, coherent, light gray, crystalline breccia that 
is similar to 14069. 

SURFACE FEATURES 

The irregular surface contains no zap pits, but irregular elongate vugs 
ranging from 0.2 - 2 mm in size appear in clusters and have inhomogeneous 
distribution. 

A set of planar fractures with three memebers spaced 2 mm to 5 mm apart are 
oriented 5° to the long axis of the rock. A second set is perpendicular 
to these and the surface of this set is the same as the rock. Intermediate 
to these sets is another set and parallel to the intermediate rock axis. 

The fourth set is parallel to the long axis of the rock and lies 30° to 
the first set. 

PETROGRAPHIC DESCRIPTION 

This sample is a very fine grained, almost holocrystal 1 ine breccia, with 
clear plagioclase, cinnamon-brown equant pyroxene (0.2 - 0.5 mm), and yellow 
green olivine (0.2 mm). 

Larger grains consist of greater than 3 mm grains of plagioclase and olivine 
(2%). Traces of opaques are present. Plagioclase laths are less well-devel 
oped than in 14069. 

Thin section 14070,3 is basically that of a crystalline breccia with approxi 
mately 5% "glass" in the matrix. The only clasts (> 1 mm fragments) present 
are those of a mare basalt. The fragments consist of 80% anhedral pyroxene 
and 20% needle-like plagioclase. The texture is subophitic, but not well 
defined. One large and one small clast of this type is all that is present. 

The matrix (< 1 mm) consists of several large highly shocked to slightly 
shocked plagioclase grains. These large grains are somewhat grouped but 
no distinct lineation could be seen. All the grains are twinned and 
most have some inclusions. The remainder of the matrix consists of a 
seriate mixture of mineral grains consisting of 70% plagioclase, 30% 
pyroxene, other fragments, and glass. 

There are small irregular to subrounded vesicles (0.1 - 0.2 mm) present 
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::s-K srs'.'srr* 

of shock! resulting in partial melting and crystal degradation. 

discussion 

sir.a/;r 

scheme of Simonds et al . (1977). 





im m%i! collected at station C ap 

IfSoe ThI The area 1s local 

sample was collected amongst ab 
the limit of resolution up to 75 cm The o 
turbed to be able to see any intact cratL 
documented bag ION in ALSRC 1006? 

PHYSICAL CHARACTER T.STTr<; 

Mass 


Dimensions 


All the samples collected in the vi 
subrounded with very rough surfaces 

SURFACE FEATHRFt; 

No zap pits are present on 14071, bi 
ed on one side of the rock. The vu( 
pyroxene growing into the cavity ti 
rock volume. There arp nn 


are blocky and angular to 


UKluIXAL PAGE IS 

OF POOR quality; 







PETROGRAPHIC DESCRIPTION 

This small sample is noteworthy due to the free growing pyroxenes in the vugs. 
The texture of the rock is equi granular and massive. The rock appears to be 
wholly crystalline. The approximate mineral composition is 43% clear, u.tL 
mm, subhedral grains of plagioclase; 55% subhedral, 0.2 mm grains of pyroxene, 
2% (approximately 0.05 mm) opaque mineral grains; and approximately 2% mafic 
minerals (olivine?). The color of the rock is light gray. The ’^ock is often 
classified as a basaltic crystalline rock (Wilshire and Jackson, 1972). 

DISCUSSION 

Due to the small size of the sample, no extensive work has been done on the 
sample except in PET. Swann et^, (1977) give a general description of the 
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Sample 14072 was collected at Station C , about 1.28 km ENE of LM and 100 
m SE of Cone Crater. The area is locally flat but generally slopes slightly 
to the south. The area is strewn with debris which ranges from the limit 
of resolution up to 75 cm. The debris is mainly angular to subrounded. 

The entire area of photo documentation is too disturbed to see any intact 
craters. 

The sample was returned in documented bag ION in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

45.06 gm 4.1 x 3.4 x 2.1 cm 

The sample is a medium light gray basalt and is somewhat smooth in appear- 
ance. The shape is blocky to subrounded and the rock is extremely coherent. 

SURFACE FEATURES 

No zap pits are observed on any of the surfaces. There are small 

(3 to 11 mm) flattened elliptical vugs that appear in zones. One planar 

fracture transects the rock at 30° to the long axis. 


0 
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PETROGRAPHIC DESCRIPTION 


14072 is a fine to medium grained, basaltic, igneous rock which is tex- 
turally and mineralogically homogeneous. The sample is blocky to sub- 
rounded with a relatively smooth surface. The rock consists of light 
yellow-green olivine, light brown pyroxene, clear plagioclase and small 
amounts of opaques. Abundant phenocrysts (up to 1.5 mm) occur in the 
rock. 

Thin section 14072,11 shows the rock to be composed of 30% plagioclase 
laths and masses, 1% light green olivine anhedral crystals, 3% of opaques 
and mesastasis, with the remainder being large anhedral to subhedral crys- 
tals of pyroxene. A few rare scattered masses of cristobalite are also 
present. Some twinning is present in the pyroxenes. The texture is 
ophitic to subophitic. 

DISCUSSION 


The sample is classified as a basalt by Wilshire and Jackson (1972) and is 
a mare basalt by Simonds ^ (1977). Longhi ^ al, (1972) described 

14072 as a subophitic basalt with large resorbed olivine phenocrysts. There 
has been a strong post-crystallization reduction in the rock. This is also 
noted by E. Goresy et al^. (1972). 

El Goresy et al. (1972) note the textural and mineralogical similarity that 
exists betweefn4053 and 14072. They also note the partitioning of MgO 
between primary ilmenite and ulvospinel vs "exsolved" ilmenite and co-exist- 
ing ulvospinel indicates that the reduction processes represented are a 
closer approach to equilibrium than initial crystallization. Native iron- 
nickel metal also occurs in their sample. The sideraphile content is 
extremely low (Au content 0.089 ppb) Hughes ^ (1973). 

Taylor et^. (1972) consider 14072 to be similar to Apollo 12 basalts. 

Helmke ii* 0972) report REE concentrations similar to Apollo 12 basalts. 

Clayton et. ai- (1972) have determined the oxygen isotope concentration in 
14072 and Compston et al . (1972) have determined the Rb-Sr mineral iso- 
chrons for the rock and suggest the age to be approximately 4 billion years 
old. York et (1972) have found the approximate cosmic ray exposure 
age to be 2T~m.y. for 14072. 
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14078 owop: 











y;ilRFACE FEATURES^ ciirface. Even on this sam- 

Originally only sample ?Ig^ed" Inhere present, they were des- 

ple they Jere very ^n to 1.0 mm. The pits 

cribed as being glass lined and ranging ^^^ble on the sample anymore, 

had good halos around them, but no pits ar 

All of the samples contain to 1.5 mm and most fall in the 

ular to elongate and abound of the volume of the rocks. Many 

sc»e s»mi d^te. of cavn.. 

TalplI r^a and ,4074 each have fractures present while ,4078 and ,4079 

have no surface fractures. , ^ = in° anale to the long axis 

The fractures in 14073 have one ^^J.^J^^IJe'^non-planar and occur in two sets 
of the sample. The tj’actures in 4074 surfaces and the other makes 

fe rndrr/eo“fo-throtreT'%fitrr%racture surfaces can he seen. 

PETROGRAPHIC D ESCRIPTION _ in texture with a grain 

41, samples are light gray In color and ^Ou'^gtano holocrystal- 

size of approximately 0.25 mm u-,g minerals are plag oclase. py- 

line and basaltic in ^ f the feldspar is poikilitic. The major 

:;°rr:is°rrrSlagioc?rsrrnd pfr^xene with lesser amounts of olivine and a 

small amount of opaques. ^ nianinrlase laths 

Thin section 14073.10 shows an inter! ockin^^^ throughout 

with large anhedral crystals of py „yy.f,vpne have only minor plagioclase 
the section. Several l?rf “Lr^rflnterspers in the tight y . 

rh^n^Sfai^ cpagues are also present 
Th,; section 14074 4 is = J?fde5T:fde1a?ir f ’ 

=;-,fersre:c,^sfr:5c^^^^^ -^^rpy^LrSs sS^ toning 

Srt?rurourTrci:i]:nf rn^s py--ne crystals show cleavage 

traces All show some shock effects. «.„nt 

It is apparent that at 'f =t two^generations^of ^pU 

IJpes of"lfrglr''t^5lstais. SV99«|«"9 t^^‘,^5zat1™^ppe“^^^ 
fff„rtlng ?n'^s^:i!rss?’s^rf“a:Sr^a7?ra^’irc^rse anS^ small amount of 

rrocr consists of approx1..te,y ^ pugloclase and 40* pyroxene with 
inly small amounts of opaques and mesost ■ 

Section 14078,4 is *'^0 crystaHine, wi ^ mesostasis is 

Tst'rrc‘r5sU?llh™^ome‘evidence of shoot. 
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IS present. All samples are similar in appeaSe to “si"' 

Jl:ro™^e“’'(22"r:jSe\ft;e°?^ter“is *> 

: ir !-a?I-m?n"Sr^-onl??t”n?r?l;i ^o\;tTaVij T 1 

DISCUSSION 

S'ai"'flwT5’and'“El1pl;esy e1"a"l'‘(?j7P^\""■'''H°'^ 

ogy and geochemistry of 1407rai^beinrs milar trthaf of‘l43ir®''?h ’’^ 1 ''°^' 
described several of the opague minera'ls which areTresent ?n L L^le^''^ 

IW3™hl^%i^I^"]gSs"“;a^2e^ 

Slsserbur™g'*(19nr Sr'a’and^i^''^ Papanastassioo and 

Ar'+o flr39^an t, *k Wasserburg (1972) and Turner et al (197?1 Tho 

crystalline''rocks!'’"sir!ionds eral'^'(1977)^clas^fri4073°* '^^rEn® *'^^^4ltic) 

clast ladened impact melt vaffef^; McLv e) aT "a” "! 

cently the general petrology and geocheinistry'of 14078. They report^'^ 

1) the REE content of 14078 is 10-15* higher than that of 14073- 
fsVraosf IT Ik The initial »7s,/SSs, 

af,™?r^r?4?5"U:?SJ:nrc^r?hrs™:‘ 
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Sample 14075 vvas collected at the bottom of the trench at Station G 230 m 
ESE of LM and 50 m E of North Triplet rim crust. The area is characterized 
by a nearly level regolith surface which is sparsely strewn by fragmental 
debris. The size of the debris varies from the limit of resolution to 60 cm. 

There is also a moderate abundance of subdued craters in the 20 to 50 cm 
range. 

This sample was returned in documented bag 20N in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 


Mass Dimensions 

4.65 gm 1 .0 x 1 . 5 x 2.5 cm 

14075 is a small, subangular, blocky, rock chip of a moderately coherent frag- 
mental rock with a moderately smooth surface. The color is a light gray. 

SURFACE FEATURES 


None of the surfaces show any pits and there are no surface fractures. 

There are numerous cavities which are angular clast molds with sizes ranging 
from 0.5 to 3.0 mm having a homogeneous distribution on the surface. These 
cavities are spaced approximately 3 mm apart. 

PETROGRAPHIC DESCRIPTION 


This fragmental rock is polymict, composed of S% fragments > 1 mm and 95% 
matrix (< 1 mm). The rock is friable but does not crumble easily. The 
color is light gray and has an average grain size of < 0.5 mm. The largest 
clast is no more than 4 mm in size. Mineral fragments, which make up Z% 
of the rock, consist of feldspar and brown pyroxene. Lithic fragments of 
melanocratic and leucocratic crystalline rocks compose approximately 70% of 
the rock. Angular black glass fragments make up about 25% of the rock, but 
not all dark fragments are glass. 

Thin section 14075,4 shows no clasts (> 1 mm) but there are numerous lithic 
and mineral fragments in the matrix. There is approximately 10% glass in the 
section represented as small yellowish masses and as turbid "wormy glass" 
in between the grains. The thin section shows nearly equal amounts of plagio- 
clase and pyroxene fragments. The plagioclase shards are large and mildly 
shocked, whereas the pyroxene is highly shocked and fractured. Minor olivine 
occurs in both types of mineral fragments. The lithic fragments represented 
in the section include crystalline breccias, melt rock, shocked and granulated 
pyroxene/plagioclase rocks and fine grained microbreccias. Almost all of 
these mineral fragments arei< 1 mm in size. 
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DISCUSSION 


Wilshire and Jackson (1972) classified 14075 as an F 4 fragmental rock. 

Due to the small size of the fragment no detailed work has been done on 
this sample. 




S-71-26064 


- te amount of subhedral 20 to 50 cm 
'e was returned in documented bag 20N 
CHARACTERI^TTC^ 


Dimensions 

2-5 X 1.0 X 1.0 cm 

lental rock which shows two 
)t Th- contact of the two 
■inct ,..asts of a light blu 
appears to be welded polv,^ 
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SURFACE FEATURES 

There Is one set of fractures parallel to the long axis of the rock This 

Darallll h- contact' which crosses the rock 

annfl ^ intermediate axis. There are three members each spaced 

appioximately 3 mm apart. The fractures surfaces are planar. 

PETROGRAPHIC DESCRIPTION 

Sample 14076 is a small elongate, angular, medium oray fragment which is 
tapered at one end. The surface of the fragment is smooth; planaT and un- 
pitted The texture 1 s Inhomogeneous. The' grain size of the matrix s 
very fine and that of the clasts range from 0.1 to 4 mm. 

The I'ock Is tough and shows two distinct matrices In the fragment which are 
4 ^+.^ sharp contact. One half of the rock has 30? visible clasts 
nf mostly elongate and bluish-gray clasts. The second half 

matrix iroinhti!! ^ ® medium brown matrix. This second 

nf ^ coarser than the gray matrix. Mineral fragments consti- 

mk fragments P^'esent and are of the leucocratic crystalline 


The following types of clasts occur in the rock; 

leucocratic lithlc fragments whicli measure 
white powdery mnHx!' *" « 


2) Black finely crystalline leucocratic lithic fragments. 

3) Patches of coarser gray leucocratic clasts set in a lighter gray matrix. 

4) Mineral fragments with relative percentages- 

a) Equant, broken milky-white feldspar (20?) 

b) Equant, colorless mineral (18?) 
c Dark, brownish-black mafic (60?) 

d) Pistachio green olivine In broken crystal ( 1 - 3 ?) 

5) Colorless to brown, botryoidal and slabby glass In trace amounts. 
DISCUSSION 


Ikio P 3 S not been allocated and no data is presently avail - 

rock! Jackson (1972) classified the fragment as an V 4 t>'pe of 
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14077 



S-71-26070 


Sample 14077 was collected at Station G located 230 m ESE of LM and 50 m E 
of North Triplet rim crest. It was collected from the bottom of the trench 
sample. 

The general area is more or less level and sparsely covered with debris. The 
size of the debris ranges from limit of resolution to 60 cm. The area has a 
moderate abundance of 20 to 50 cm craters most of which are subdued. 

14077 was returned in documented bag 20N in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

2.77 g 2.0 x 1.8 x 0.7 cm 

14077 is unusual in that it is a very light gray hoi ocrystal line plagioclase- 
rich rock. The sample is fine-grained and inequigranular. 

SURFACE FEATURES 


There are no zap pits present on any of the surfaces. In general, there are 
• types of cavities present on the sample. These are square-shaped crystal 
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molds (average size 0.7 m) Jre'^homogenLu^ 

lifl. ^sr:c^d 1 p:^o:^:tt;,^ 2 riparJ'’^hfvogs ma.e Sp approzimately n- 
*of the total volume of the rock. 

There are no major fractures in the rock. 

petrographic description 

sample 14077 is a very gray ^oljcry^ tall ine^ 

lar rock. It a homogeneous texture and mineralogy 

rinaref b;^:rge\ra’gioc^a^e^rrystals. The rock is very tough and angular. 

The rock was described during PET as be^ng °^pheLcry^^ feldspar 

there are two types. The first Jo?iosition. The other felds- 

(1 mm X 0.5 mm) making up 3*’ ^hf ^^atrix of the rock. The 

par is a clear light gray orainrCO 1 to^ 0.1 mm) of opaque minerals, 

remaining 1% are equant euhedral gtains tu. i co 

No thin section, to date, exists. 

discussion 

Wilshire and Jackson (1972) classify this as a homogeneous crystalline meta- 
clastic rock. 




14080 


14081 



S-71-26039 S 71 26042 


Samples 14080 -14081 were taken from the middle of the trench at station G 
230 m ESE of LM and 50 m E of the Triplet rim crust. The oeneral area from 
where the sample was taken is characterized by a nearl> level terrain 
sparsely scattered with debris. The size of the debris varies from the limit 
of resolution up to 60 cm. The area is also characteri zed bv a moderate abun- 
dance of subdued 20 to 50 cm craters. 

The samples were returned in documented bag 21N in ALSRC 1006. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

14080 1.94 g 1.6 \ 1.3 x 0.8 cm 

14081 0.84 g 1.2 x 0.9 x 0.7 cm 

Both of the samples are light gray in color and very fine grained. They are 
both polymicts and contain abundant glass. Both are friable being made up of 
< 1 nm rock/soil fragments bonded by glass. They could be pieces of the sam- 
ple but in their present state, they cannot be fitted together. 




SURFACE FEATliRF.S 

present on the^siSrfaJe?'^ M08?^has no"v?sibf°^^-?‘ ^ rarely 

chips are very jagged and uneven of the rock 

the vesicular glass on the surface Both grooves ?n 

vesicules in the glass THpca wfc,- samples are marked by abundant 

patter over 75% of its surface 1408 J uneven g?ass 

ce fractures which show no orientS?^'° anar sur- 


PETROGRA PHIC DESCRIPTION 


<1 ram in'sfze!" fll’? 9lass®matertal°jrIiso entirely of grains 

occj? irsome of°Jfie'’Ml^L-^''LirfJa3Sr''°”Tr^™®^^ 

These rocks may be thought of as glass bondoH^a' texture Is homogeneou': 
clastic fragments. aggregates of fine-grained 

discussion 

S;F“"“ :!-s!.'!a'= IVU; j:s -e-” 
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S-71 -32441 


14082, 7 


S-71-25481 







1 c?dark L ligM'c?as?S i" a Sa^y 1 ght qTv’L ^^^''^''t!!!*'’ ='>"fP'<^So'^= 
placed in bag 13N and returned In ALSRf^nnfi sample was 

14083 '*‘‘’sImpfe‘‘lM 82 "was"s? >«>-e nSered UOSJ^'d'^ 


PHYSICAL CHARACTERLSTTrs 


Mass 


14082 

14083 


51.16 g 
13.37 g 


Dimensions 

6.0 X 3.6 X 2.0 cm 
3.2 X 1.5 X 2.2 cm 


Sample 14082/14083 is one of the white rocks Tf ic . r,.i ■ ^ u 
a very light gray matrix and darker lithic ciastl breccia with 

SURFACE FEATURES 

pir!!5'™“„''dfa™eter PET\eaa,®ihf 

containing dank brown glass foraing the sheH V 

fo^jng^the filling. Tba I™bnio™ Lsontiu^^ffg^Jf de'^cV^bld^^irL^nL^’f^ 

nock. The gla"rllining is 30^0^™ 

J3?\‘3:a?3 S„%’:e1e*3: 4JnSx°£?e"l/L‘^3o^?S3ee^S?ts 

;-.:"!C£ S','ai.-r;;i,ws ;r.si.rr,;s!:- '™ '-■ 

There are no fractures on either sample. 

?n"eH 0 ™!^ ^ coating which intrudes the white 

PETROGRAPHIC DESCRIPTION 

t3a3'i «“^33"mi3n'x°[s"ftl“d‘sL°L^'>r5''a^*""‘' ^tcix and 10% clasts larger 

darker gray zones Fraqments of cinnamo^'^h grayish-white with some irregular 

Vine, and Irac^fif bUrSwaSL 3»3T 37'" Py™xene. yellow green oli- 

matrix. The matrix has a s33in3 I’L” = in the 

than 0.1 mm. senate texture with an average grain size of less 

Lithic clasts averaging 2-2.5 mm in diameter are dark gray fragments of very 
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flne-gmlned rocks similar to J[™a^nl?tkM'lU cUstfmake up 

sr!f XTni r 4:Vi:i';:i'?st‘ts urpor t„an i ^ 

sample 14083 has approximately 1|» 

gray very fine-grained seriate ' ^„5°some 0.5 mm dark minerals. 

life sparse 0.5 mm o’ consisting of 

Most of the llthic clattt ‘ 60% white feldspar. 

VI brown pyroxene, AO):, dark mintitu. 

Mineral clasts are colorless to white eguant plagloclase. 

nianinrlrtse tan pyroxene (?)» opaques, 
J^t;o^Sree“"o??llnefS ?Ile ?1nk and orJnge minerals. 

Sample l«82/14083jas J®f,?|,^g1t‘’l.'''hls''Frcrassfffca?U 

nfd arUafner's “^2’ ko“‘‘brec“cir(tj). H wa* 

lr.Jfl':nir9?7r«n^5™rTt1^\rrirrerenra?l(e^f the1r-Br(11ght 

matrix brecHa) group. 

?erta1n'cUs« 

with abundant pore space in the matrix. 

pyroxene and plaoloclase ft.jents In ;’rut‘'rhrcom?ios 1 1^^ ipP 

Consortium (1976) as being d^ .. derived from various sources. Pyrm- 
pyroxene varies, suggesting u ^ ^ 6y Papike and Bence (1972). They 

xene exsolution Is common and w^ 5g„,p,e5 of 

the ImbHum Basin. 

Limited chemistry of i;°82/14083 can be fo^^^^^ llld^uSeri'lre'Ll levertlli.i^ 
\Tm). The white rocks “ f,irbedrock unit at station C, by the 

!irrirprt“(ri'tU’f «!*: swa..n ^ »!.. 1977). 

Pyder and Bower (1976) included that tje KBELP-rIch fr«?.« 
ology of the White Rocks s a believe that It 1s more 

melt containing solid e “it of the total melting of a polymict. 

i'l(o1oclaslH h To -ce by meteoroid Impact, the fragments being picked up 
Ss ?hra,eft Loved outward^rom the point of Impact. 
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Comprehensive Sample (14169-14188, 14250-14299) 

The comprehensive sample from Apollo 14 has been described, classified and 
discussed by Phinney ^al. (1975) in their publication devoted to that _ 
topic. The information o^lected and discussed by them is included herein 
for purposes of completeness only, and very little attempt has been made 
to redescribe these samples except that new thin section descriptions are 
included whenever possible. 


The purpose of the comprehensive sample was to acquire a statistically sig- 
nificant set of small rock samples to petrographically characterize the dis- 
tribution of rock types in the lunar regolith. The sample location was 
selected 100 to 125 m west of the LM. A two to three meter diameter circle 
was marked and all of the walnut sized rocks on the surface within the 
circle were collected with tongs. Then, a soil sample was collected from 
within the circle. Two weigh bags were to be used to contain the samples: 
weiqh bag 1039 was to contain rock fragments and weigh bag 1007 was to con- 
tain the soil sample. Unfortunately, as discussed in the Apollo 14 Pi^elim- 
inary Science Report (1971), there was some confusion about the origin of the 
contents of weigh bag 1027. It contained 20 small rock fragments _ (14169- _ 
14188) and a large undocumented rock, 14303. On the basis of their associa- 
tion with two documented rocks (14304 and 14305) returned in the same 
weiqh bag and collected near the comprehensive sample site, the 20 fragments 
and 14303 were tentatively considered to be parts of the comprehensive sam- 
ple Later, 14303 was found to have been part of 14304, collected at the 
end'of the first EVA. The astronauts were unable to get all of the weigh bags 
containing the comprehensive sample in the SRC so they put the small sam- 
ples of small rocks" from the comprehensive sample in the weigh bag (lU^/; 
with the football-size rocks collected later (14303/14304 
seems probable, therefore, that some portion of the samples 14169-14188 
could be parts of the larger samples 14303/14304 and 14305 that were in 
the same bag but not part of the contingency sample. It was believed by 
PhinnlTet il. (1975) that all of the small samples 14169-14 88 were frag- 
ments ofT4303 because they are all identical in their lithologies and are 
lithologically Identical to 14303 and because they show freshly 
surfaces with no pati nation or zap pits and one end of 14303 is a fracture 
surface (later shown to fit 14304). 


The following taole summarizes the contents of the three weigh bags: 


Weiqh Baq Number 

Rock Samples 

Soil Samples 

1007 

14250-14255 

14256-14259 


(Rocks separated 
from soil ) 

14298-14299 

1039 

14264-14288 

14260-14263 
(Soil collected 
with rocks) 

1027 

14169-14188 

14165-14168 


14303/14304 
and 14305 

(Residue) 


no 
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This entire set of samples was returned in weigh bag 1027» along with 14303/ 
14304 and 14305. They were determined to be fragments of 14303 by Phinney 
^ al . (1975) and described as such in their booklet on the comprehensive 
sampTe (see especially samples 14250-14288). 

PHYSICAL CHARACTERISTICS 



Mass 


Dimensions 


14169 

78.66 g 

7.1 

X 

3.2 

X 

2.7 

cm 

14170 

26.34 g 

4.2 

X 

3.3 

X 

1.3 

cm 

14171 

37.79 g 

3.9 

X 

4.3 

X 

1.5 

cm 

14172 

32.10 g 

4.0 

X 

1.8 

X 

2.3 

cm 

14173 

19.59 g 

3.7 

X 

2.2 

X 

1.8 

cm 

14174 

11.62 g 

3.5 

X 

2.3 

X 

1.8 

cm 

14175 

7.48 g 

2.8 

X 

2.0 

X 

1.6 

cm 

14176 

4.12 g 

2.3 

X 

1.8 

X 

1.0 

cm 

14177 

2.32 g 

0.5 

X 

1.0 

X 

1.8 

cm 

14178 

2.88 g 

1.8 

X 

1.4 

X 

1.1 

cm 

14179 

3.03 g 

0.7 

X 

2.0 

X 

2.0 

cm 

14180 

4.75 g 

0.6 

X 

1.2 

X 

1.6 

cm 

14181 

2.48 g 

0.6 

X 

1.1 

X 

1.4 

cm 

14182 

2.29 g 

0.6 

X 

1.7 

X 

1.9 

cm 

14183 

1.40 g 

1.2 

X 

1.0 

X 

1.0 

cm 

14184 

1.48 g 

1.6 

X 

1.1 

X 

0.6 

cm 

14185 

1.52 g 

2.0 

X 

1.2 

X 

1.0 

cm 

14186 

1.26 g 

1.0 

X 

0.8 

X 

0.5 

cm 

14187 

1.90 g 

1.2 

X 

1.2 

X 

0.4 

cm 

14188 

1.60 g 

1.5 

X 

1.0 

X 

1.0 

cm 


These samples contain a seriate distribution of clasts as large as two centi- 
meters across. The samples are all polymict breccias with fragmental 
matrices. 

SURFACE FEATURES 

Glass lined zap pits are present on samples 14169, 14171, 14172, 14173, 

14176, 14182, 14185, and samples 14170 and 14187 contain only unlined pits. 
Sample 14169 has pits ranging from 0.1 to 2.0 mm in size with a density 
of 10 to 12 pits per square centimeter. One hackly surface is sparsely 
pitted, perhaps indicative of the sample's bottom. The rest are less 
densely pitted. None of the samples contains surface glass. 

The only cavities present are clast molds on all samples except for 14181 
and 14186. Sample 14181 contains irregularly shaped vugs 0.5 to 1.5 mm in 
size with a homogeneous disitribution in the matrix only. These are 10 mm 
apart and account for less than 1% of the sample's volume. Sample 14186 
also contains irregularly shaped vugs with an average size of 0.8 mm. These 
occur in clusters on one side of the rock. A few others are widely spaced. 
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Several are lenticular. No projecting minerals have been observed. 

Fractures are present in all samples except 14175 and 14188. The only 
shock features noted occur on sample 14172. The substrate below the 
zap pits has milky feldspar characteristic of surface shock material. 

PETROGRAPHIC DESCRIPTION 


Samples range in coherence from tough {14180, 14186) to friable (14171, 
14185, 14187), All samples appear to be fragmental polymict rocks in hand 
specimen. Most clasts are medium gray, aphanitic fragments which contain 
some white spots and may be partially devitrified. The bulk of the other 
clasts are white to light gray lithic fragments which are composed mostly 
of plagioclase grains with 10-20% mafic minerals, and 1% opaques. In order 
to better characterize the clast population, all of the clasts larger than 
5 mm across were described by Phinney et al. (1975) and are included in 
Table 7. 


TABLE 7 

Clast Descriptions (Phinney ejfc ^, , 1975) 



Color 

Shape 

Size (mm) 

Comments 

14169 

Medium Gray 

Subround 

20. 

Similar to main matrix of 
14303 but somewhat darker 
and more annealed. Sharp 
contact with matrix. Con- 
tains many white clasts 
and a large olivine clast. 

14169 

Medium Gray 

Subround 

20. 

Identical to previous 
cl ast. 

14169 

Light Gray 

Round 

6.0 

Dark gray rind around 1.0 
mm size mixture of white 
plagioclase, resinous 
brown material and gray 
vitreous patches. 

14169 

Dark Gray 


10. 

Aphanitic, crystalline 
with white feldspar specks. 

14170 

Dark Gray 

Angular 

5.0 

Aphanitic, crystalline, con- 
tains 10% white feldspar 
clasts. 

14170 

Med. Dark Gray 

Angular 

5.0 

Aphanitic, crystalline with 
a few white specks <0.1 mm. 
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(Clast Description Table cont'd) 


14171 

Color 

Shape 

Size (mm) 

Pinkish brown 
to Dk. Gray 

Round 

10. 

14171 

Dark Gray 

Subround 

10. 

14171 

Lt, Med. Gray 

Round 

5.0 

14172 

Gray & White 

Subround 

15x7 

14172 

Medium Gray 

Angular 

5,0 

14173 

Greenish Gray 

Diffuse 

Boundaries 

7.0 

14173 

Med.Dk. Gray 

? Makes up 
end of rock 

20. 

14174 

Medium Gray 

Angular 

10. 

14179 

Gray & Lt. Green 

Angular 

5.0 

14180 

Mad.Dk. Gray 

Angular 

15. 


Comments 

Band of pinkish brown, fine- 
grained material across cen- 
ter. On one side is black, 
aphanitic, crystalline ma- 
terial with a few white 
feldspar clasts. On other 
side is a mixture of med- 
ium gray and white material. 

Aphanitic, crystalline with 
a few white feldspar clasts. 

Mare basalt? 5-10% opaques 
as stringers_2-3 mm long 
and 0.1 mm wide through a 
mixture of plagioclase and 
pinkish brown mafic minerals. 

Core of white plagioclase 
as 0.5 mm grains mantled by 
dark gray aphanitic material. 

Very similar to main matrix 
of 14303 but sharp contacts 
definitely indicate a clast. 

Primarily vitreous gray pla- 
gioclase with 30% green ma- 
fic silicate as 1.0 mm crys- 
tals and <1% black opaques. 

Aphanitic, crystalline with 
many white specks. 

Aphanitic, crystalline with 
many white specks of felds- 
par. 

3.0 mm patch of fractured 
green mafic silicate and 

5.0 mm patch of gray, vit- 
reous feldspar probably 
from a coarse-grained gab- 
broic rock. 

Clastic to somew*^at annealed 
breccia with many subround 
white feldspar clasts and 
one subround crystalline 
clast with mottled appear- 
ance of poikilitic melt 
rocks. 


uj 


\ 

I .i 
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{Clast Description Table cont'd) 

Color Shape Size (tntn) 

14181 Entire Sample is 2 Clasts 7.0 


10 . 


14182 Medium Gray Subround 5.0 


14186 Medium Gray 10 x 6 


Comments 

1) Medium gray aphanitic 
crystalline rock with many 
white feldspar specks. 

2) Troctolitic anorthosite 
with 0. 5-1.0 mm plagioclase 
as crushed white or vitre- 
ous gray material, 10% 0.5- 
1.0 mm green mafic silicate 
(olivine) and a few <0.5 

mm dark red grains (spinel). 

Very similar to main matrix 
of 14303 but somewhat 
darker and a bit more 
annealed. 

Very similar to main matrix 
of 14303 but somewhat 
darker and a bit more 
annealed. 


Several thin sections from generics in this group are available and were 
examined for this booklet. The following descriptions are included for 
purposes of completeness: 


14169,8 

There is a small amount of dark brown “glass" (5-10%) present in the matrix 
of sample 14169,8. Only one clast larger than 1 mm is present in the section. 
It is a fine-grained breccia with crystallites scattered throughout. Many of 
these crystallites appear to be pyroxene. The clast has fractured and the 
matrix has been injected between the two pieces. A seriate mixture of 
shocked mineral, fragments (including reddish spinel) and three dark clast- 
like areas are present in the matrix. These "ghost clasts" are areas of 
fine-grained, turbid material with abundant small crystallites present. 

These areas merge into the matrix. 

14170,4 & 14170,5 

Some "glass" is present in the matrix of breccia 14170. The samples consist 
of a partly crystal line-partly "glassy" matrix with abundant mineral and 
lithic clasts. Several large clasts of pyroxene and basaltic igneous rock 
fragments are scattered throughout the sections. There are fewer clasts in 
14170,4 than there are in 14170,5. Sample 14170,4 contains several devitri- 
fied clasts and larger "glassy" breccia clasts. Few, widely scattered,^ 
pyroxene/basaltic clasts are present in section 14170,4 but are common in_ 
14170,5. Pyroxene crystals are nearly free of inclusions. Basaltic lithic 
clasts have a subophitic texture with anhedral masses of brownish pyroxene 
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and acicular plagioclase. Only small, scattered clasts of plagicclase are 
present in either section. 

14171,11 

Section 14171,11 is nearly holocrystalline and contains numerous lithic 
clasts. Lithic clasts include a variety of dark matrix microbreccias, a 
clast of devitrified glass containing abundant dendritic crystals, and a 
small, crystalline rock fragment. Opaque minerals are scattered throughout 
the section. The matrix is a seriate mixture of mineral fragments and 
small lithic fragments. Mineral fragments are pyroxene and plagioclase in 
approximately equal proportions. 

14172,7 

Section 14172,7 is a breccia with a "glassy" matrix (30%) in one area, 
which grades into a much more crystalline area in other areas (5-10% "glass"). 
Very few lithic fragments are present, and only one clast is larger than 
1 mm. This clast consists of a shocked plagioclase crystal with minor 
pyroxene adhering to one edge. The crystal is highly fractured and shows 
poorly defined twin planes. Of the identifiable mineral fragments in the 
matrix, 80% are pyroxene and 20% are plagioclase. Lithic fragments are a 
fine-grained breccia with corroded pyroxene crystals. These crystals con- 
tain some inclusions. 

14173,6 & 14173,7 

Section 14173,6 grades from vitric to more crystalline as does 14172,7. 

Sample 14173,7, cut from the same rock chip is almost entirely crystalline 
with a few small masses of a more "glassy" breccia. Most clasts consist 
of pyroxene and plagioclase grains and almost all grains are fractured. 
Twinning is present in some of the pyroxene. A crystalline cumulate is 
present near the edge of the section. A few small, glassy breccia clasts 
are present in 14173,7. Crystals in 14173,7 appear fresher with less 
evidence of shock and fewer inclusions than those in 14173,6. 

14174,5 

A very minor amount of "glassy" material is present in the matrix. Several 
large lithic clasts are present and consist of fine-grained microbreccias 
with remnant pyroxene shards, small igneous fragments, and several masses 
of devitrified glass. One microbreccia fragment has a small mass of 
olivine cumulate present. 

14175,3 

Section 14175,3 resembles section 14174,5 but contains more plagioclase and 
more "glassy" material. One edge has what appears to be a totally devitri- 
fied glass coating which has bent and radiating crystals. Some areas have 
larger crystal grains than others and may be "ghost" clasts, however the 
contact is gradational. 





Lithic microclasts are scarce and most are small clusters of plagioclase and 
pyroxene surrounded by a mass of crystallites. Pyroxene ( 80 %) and plagio- 
clase (20%) make up the mineral grains, and all are shocked. Chondrule-like 
bodies occur as remnant features, and patches of opaque minerals are also 
present. 

14179.4 

Sample 14179,4 is an olivine-rich granulitic rock with 2-3% . 

together by anhedral plagioclase. The olivine crystals are highly rounded and 
somev/hat elongate. Pyroxene crystals are more equant and square in outline. 
Only a trace of brownish "glassy" material is scattered throughout the 
section. 

14180.3 

Sample 14180,3 contains a fine-grained, nearly holoc»'ystal line microbreccia 
clast surrounded by a small border of a dark opaque-rich breccia. In this 
clast, smaller fragments of darker, fine-grained, opaque-rich breccias are 
present. Opaques form subhedral to anhedral crystals, and are widely dis- 
persed throughout the section. Euhedral crystals occur in the matrix 
surrounding the clast. 

14181.5 

This sample is a section of a troctolitic anorthosite with large, anhedral 
olivine grains and long, bladed plagioclase crystals. A second generation 
of anhedral crystals of plagioclase has filled the interstices between 
other phases. Large crystals of iron metal and other opaques are also 
present. One, well rounded, reddish spinel is enclosed in an olivine 
crystal . 

14187.3 

This section is essentially a holocrystal 1 ine breccia with abundant, dark 
gray matrix material which is unresol vable. Abundant, small, opaque crys- 
tals are present in the matrix. The section area is small, so an accurate 
evaluation of the clast population is not possible. Large fragments 
sent include a few shards of pyroxene, plagioclase, and partly devitritied 
glass. The thin section has a very turbid appearance. 

DISCUSSION 

The only samples that have received detailed study in this group are 14169 
and 14180. Eldridge et £[. (1972) determined potassium, thornum, uranium, 
2GA1, and 22Na concentration in these samples using gamma-ray spectrometry. 
They’found a remarkable uniformity in the primordial radio element content 
in all samples. They estimate a KREEP content of 60-85% in Apollo 14 soils 
and breccias on the basis of a two-component mixing model. 
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14194 



S-71-26965 


weigh bag 1031 was esed 

U194 -14201 are sma 1 rock fragments that orientation 

samples 14306 - 14311 were photographs of these samples. Some 

^rtSeseTre'probaMy Pieces irSken off the larger rocks during transit. 


1 ii 1 r\ ^ 


PHYSICAL CHARACTERISTICS 
Mass 
4.28 g 


Dimensions 
3.5 X 2.5 X 2.5 cm 


This sample is a light gray, ™derately friable, polymict breccia which 
appears to be bounded by freshly broken surfaces. 

.SURFACE FEATURES 

No pits were seen on this ^amP^e a^d it with 

fracture surfaces. No surface glass i P distributed evenly over 

sizes ranging from less ^^an 0 1 m>J to 1 
the surface indicating poor cementing 
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PETROGRAPHIC DESCRIPTION 

sample 14194 Is a moderately friable light pol^iot breccia with 6 
10% fragments larger than 1 mm and fragments, 70 - 80% are 

Thefe'a^e aSgSlar, dull dark gray, and a few have vesicles. 

• +hp matrix is 0.1 mm and the matrix is composed of 

dark'g?w'9la^'"br«n SjrJxloe! one basaltic fragment (like 14063), a few 
friUnS ?f the of sample 14082. and feldspar fragments. 



r4T^’ 









14195 



PHYSICAL CHARACTERISTICS 

Dimensions 

Mass 

„ „ 2.5 X 1.5 X 1.5 cm 

2.77 g 

Sample 14195 is a coherent, medium to dark gray, fragmental rock. 


<;IIRFACE FEATURES 


ourvrnv^u ■ 

One surface appears zf 1 

faces. Vugs with varied . "tributed and comprise 20 % of the rock 

than 100 um. They are vugs resemble strings of beads 

volume. Some small zones o ,-,r,oa,-ance with relatively smooth walls, but 
Most of the vugs are drusy in d'usy coatings resemble re- 

rctlorrimr'fn'reveSl cL have evacuated space around crystals 

200-300 ym in size, as if by solution. 


PETROGRAPHIC DESCRIPTION 


lt:an'r™%lsiMe"'fhere^rpear'irbrmrnfral“fJS^ 



size is less than 100 pm 




The matrix is medium to dark gray with 40 - 50% clear feldspar. Approximate- 
ly 5% of the matrix is opaque minerals, and the rest are not identifiable. 


i. 





S-71-27000 


PHYSICAL CHARACTERISTICS 


Dimensions 
2.5 X 1.5 X 1.5 cm 

is a friable, polymict breccia similar to 14051 or 14066 


SURFACE FEATURES 


No zap pits or vugs are present 
1 mm in size are present. 

One set of non-planar fractures 
surface shows no differences in 

PET ROGRAPHIC DESCRIPTION 

San'ple 14196 is a fine grained, 
of approximately 0.1 mm. It is 
P5? matrix l-.ss than 1 mm. Of 1 
^ 0 % ore lithic fragments. Miner 


but sparsely distributed clast molds up to 






and many angular dark gray glassy-looking fragments. 

30* oHvlnaand PyroxeL?aS5tJiS?S!^arT??lf 

cfaa^:‘:J^-rJL".\?rra"n1 Ma^J!tgnia^Tf'to'S 

wen as fine gcai-ned fragments simflfr ta thi d?sts 





14197 



S -71-27004 


PH YS I CAL CHARACTERISTICS 


Mass 
1.63 g 

This sample is very fine 


Dimensions 
2.0 X 1.5 X 0.5 cm 

grained and appears to be completely recrystallized. 


SURFACE FEATURES 

There are no pits visible. Irregular-to-spherical-shaped vugs and vesicles 
UD to 3 mm in size are homogeneously distributed throughout the surface. 

They are 1 - 2 mm apart and occupy 20% of the surface area. Minerals lining 
these cavities are too small for positive identification but some acicular 
colorless crystals with pinacoid terminations are visible and are probably 
plagioclase. Some of the cavities may be interconnected forming drusy, 
irregular and branching caverns up to 3 mm in length. The rock is bounded 
by fracture surfaces but none penetrate the rock. 



PETROGRAPHIC DESCRIPTION 

The sample is fine grained with an average grain size of less than 0.1 nmi 
ana is both texturally and mineral ogically homogeneous . _ It appears to be a 
completely recrystallized fragmental rock. Grain size is too fine for posi- 
tive mineralogic determination, but color suggests that it is 50% plagioclase, 
48% pyroxene, and 2% opaques. The possible clasts resemble true phenocrysts, 
and are clear and unshattered. There are three types: 

1) Clear equant masses 3 mm in size which have two apparent cleavages. 

2) Yellow-green, prismatic masses without cleavages 2 x 1 mm in size. 

3) Equant masses of plagioclase and brown pyroxene 1 mm in size. 





14198 



S-71-26989 


OPIGINAL PAGE IS 
OF POOR quality: 


PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1 .63 g 2.2 X 1 .5 X 0.5 cm 

Sample 14198 is a crystalline rock. 

SURFACE FEATURES 

One glass-lined zap pit measuring 100 ym in diameter was observed on the 
narrow side of the rock. All other sides are fresh fracture surfaces. 

Irregular shaped vugs (1 mm) are sparsely distributed over the surface. They 
contain projecting minerals of plagioclase and probably tridymite. Pyroxene 
was the only tangential mineral noted. Vugs make up less than 1% of the vol- 
ume. 

PETROGRAPHIC DESCRIPTION 

The sample contains 30% light yellow pyroxene, 40% clear anhedral and euhed- 
ral feldspar, 20% gray-brov/n pyroxene and 3 or 4% opaque minerals. 
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14199 



PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1 gg g 1 .3 X 1.0 X 0.8 cm 

This sample is a freshly fractured, polymict breccia. 

SURFACE FEATURES 

Nn Dits are visible, and all surfaces appear to be freshly 
??a?rof d^k brown glass and a small patch of brown stain which be rem- 
nanfc nf solash covering or rofnndnts of doep glass lined pit 

a iLge radius of curvature. One fracture which has a smooth surface is 
present in the rock. Some clast molds are visible. 

petrographic description 

S;,mnlP U1 99 is a coherent, 'fine grained, polymict breccia with an average 
g?all s ze of less than 0.1 ran. It is texturally 

b^mineralogically homogeneous, as well.. It is composed of 20 - 25. clasts 
larger than 1 mm and 75 - m matrix grains. 
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Mineral fragments make up 8 - 10!! of the whole rock and Include; 

1. green vitreous olivine 0.1 - 0.8 mm in size comprising 3 - 4% of the rock. 

2. honey-brown pyroxene 0.2 - 0.8 mm in size comprising less than 1* of the 
V'O c k 

3. light gray plagioclase displaying cleavages and commonly shattered compris- 
ing more than 5% of the rock, 

4 a black or dark brown mineral grains which appear reddish brown on the 
Surface L are 0.2 mm in size. It occurs in trace amounts. 

1 • 4 -h-ir fyanmpnt-; are 10 - 15% of the rock composition. They range in size 

S™ts"nJ1^?irerus1u:rer. ‘'S"neS”gf cua rf 8^^ 

aJifSery light gray. It contains abundant brown mineral 

•'^th°"lu!t °"a ?hiJd"clast^tJpe,”o"rm'in siL! is light to medi™ gray 

One dark gray or brownish gray glass sphere is present 0.1 - 0.2 mm in 
diameter. 

kr;.- 

microscope. 








PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1 .24 g 2.0 X 1 .2 X 0.9 cm 

Sample 14200 is a fragment of very fine grained basaltic crystalline rock. 
SURFACE FEATURES 





One 0.8 mm size glass-lined pit was noted. The sample has an irregular sur- 
face and appears to be a fragment of a larger rock. 

Clusters of elliptical vesicles with sizes ranging from less than 0.1 mm to 
2.0 mm occur on the rock. These occupy 10% of the rock volume and are 
1 - 3 mm apart. Colorless minerals (probably feldspar) with a sub-botryoidal 
surface line these vesicles. 

PETROGRAPHIC DESCRIPTION 


Sample 14200 is fine grained with an average grain size of less than 0.1 mm. 
There are less than 1% possible phenocrysts. It is a textural ly and miner- 
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alogically homogeneous, holocrystalline, basaltic fragment. As can best be 
determined, the rock is composed of three minerals: clear, subhedral, 

yellow-green olivine (in groundmass and as phenocrysts < 0.5 mm in size), 
clear, subhedral pyroxene (occurring only in the groundmass in grains < 0.5 
mm), and clear, subhedral feldspar (occurring in cavities, in the groundmass, 
and as 1 mm size phenocrysts). Glassy feldspar accounts for at least 405K 
of the rock. 




S-71-26328 


PHYSICAL CHARACTERISTICS 

Dimensions 
l-2xl. 2x1.0 cm 

This sample is a fine grained polymict breccia similar to 14042. 
SURFACE FEATURES 


"u glass. Angular clast molds larger than 1 r 

to 4 mm in size have a homogeneous distribution on the surface. One clast 

clLl" angu?a^pre-«1suSg 


PETROGRAPHIC DESCRIPTION 


Sample 14201 is a moderately friable polvmict brerria romnnc^^ 
ments larger than 1 an, and' 85% matrix gr??nrsinaneJ thar? » 0 e 2 

Of^thellan^ i/farflf "’f"®''?- )'''^ 9 ment appears to be polycrystal line 

glassy toL Alf o? V3 at-e fragments Sf 

giassy rocks. All of the lithic clast types consist of 60% feldspar, 35% 



pyroxene, and 2 - 3% olivine and opaques. The glassy fragments are dark gray 
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Comprehensive Sample (14169-14188, 14250-14299) 

The comprehensive publiwtiSn^Svotedii^^ , 

discussed by - discusLd by them is included herein 

topic. The onlv and^very little attempt has been made 

(r/edssfrlbe these'simpres eKce'pt that new thin section descriptions are 
included whenever possible. 

The purpose of the coaiprehensive^ JhaJacteHzt’the'dis- 

i a lunar r^epolith TJe -^le locat,on^was__^^^ 
selected 100 to 125 m ®st of the LM. A two to 

was marked and all of ^ -ru g sample was collected from 

circle were “1 „ S^n’to ^1=15 to contain the samples: 

within the circle. Tvmo weigh bags vver 

weigh bag 1039 was to discussed in the Apollo 14 Prelim- 

tain the soil come confusion about the origin of the 

inary Science ‘ 5;"conta1nr20 small rock fragments (14169- . 

contents of weigh bag 102/. it con ^ ^ associa- 

14188) and a large undocumented rock 14305) returned in the same 

tion with two documented nocks (14304 a Lmple site, the 20 fragments 

weigh bag and collected !}®^n o p parts of the comprehensive sam- 

and 14303 were tentatively ® L of 14304, collected at the 

ole Later, 14303 was found to have b P ui 4 -,, nat all of the weigh bags 
^id'of the first EVA. The astronauts were unable to 9 et al 1 ^of , the^wei gh_ 

containing the oomprchensiye sample in^the^^ (,d27) 

pies of small rocks from the co p lad-ov. M4'?03/14304 and 14305). It 
Sith the football-size nooks col ected later ?4r69_iii88 

seems probable, therefore, that id-in3/14304 and 14305 that were in 

could be parts of the lan9e^ iffcootlngency sample. It was believed by 
the same not part of the t 9 / 14169-14188 were frag- 

Phinney et lL- (^975) that an their lithologies and are 

ments of 14303 because they ^ne hpcause they show freshly fractured 

lithologically identical to ® .. ^ end of 14303 is a fracture 

surfaces with no pati nation or zao pits and one 

surface (later shown to fit 14304). 

The following table summarizes the contents of the three vi/eigh bags. 


Usiah Bag Number 
1007 


1039 


Rock Samples _ 

14250-14255 

(Rocks separated 
from soil) 

14264-14288 


Soil Samples 


14256-14259 

14298-14299 

14260-14263 
(Soil collected 
with rocks) 


1027 


14169-14188 

14303/14304 
and 14305 


14165-14168 

(Residue) 
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ORIGINAL PAGE 18 
OF POOR QUALITY 


14250 






PHYSICAL CHARACTERISTICS 


Mass Dimensions 

4.06 g 2. 1 X 1 .5 X 1 .5 cm 

Sample U250 is a medium gray, blocky, subangular, moderately friable, ser- 
iate fragmental rock. 

SURFACE FEATURES 

There are pits lined with dark brown glass on all surfaces. The surface is 
irregular, with few, non-penetrative fractures. 

PETROGRAPHIC DESCRIPTION 

Sample 14250 is described as a microbreccia or soil breccia {Phinney et_^. , 
1975) which is homogeneous but seriate in texture. Gray and white lithic 
fragments make up less than 5?S of the sample. They are rounded to subrounded 
in shape and up to 1.0 mm in size. They are composed largely of milky white 
feldspar with irregular gray areas. There are two kinds of mineral frag- 
ments that can be identified. Type I is white and 0. 5-1.0 mm in size. It is 
subangular to subrounded in shape and makes up 10-15% of the sample. Most 
grains appear to be crushed plagioclase. Type II is light green in color 
and is rarer, making up less than 5% of the sample. It ranges up to 1.0 mm 
in size and is angular to subrounded in shape. These are probably olivine 
grains. 

Thin section 14250,3 shows the rock to be a glass-rich breccia with 50% of 
the matrix being yellow brown glass, much of which has swirls and bubbles. 
There are numerous shards and spheres of glass scattered throughout. One 
partial clast of a fine-grained microbreccia with a few pyroxene and glass 
shards is the only large fragment in the sample. There is a broken fragment 
of devitrified glass with remanent plagioclase crystals and numerous new 
plagioclase plus partly devitrified glass are present in the matrix. Approxi- 
mately 15% of the sample is larger than 0.5 mm in grain size. 


14251 



S-71-25203 



PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1 .51 g 1 .5 X 1 .0 X 0.8 cm 

Sample 14251 is a medium gray, blocky friable fragmental rock. 

SURFACE FEATURES 

Remnant zap pits are present as glass linings. The surface is irregular 
with a glass coating over one surface. Forty percent of this glass coating 
contains 0.2 to 0.6 mm diameter vesicles. No vesicles are present in the 
rock itself. Some surfaces show slickensides or striations which converge 
towards a point as though from a shatter cone. 

PETROGRAPHIC DESCRIPTION 

Sample 14251 is described by Phinney et (1975) as being a fragmental, 
friable, microbreccia or soil breccia. None of the grains is larger than 
1.0 mm, with 85% less than 0.5 mm. The sample has a seriate texture, with 
lithic fragments 0.5 - 1.0 mm in size comprising less than 5% of the sample. 
These are largely milKy white feldspar with irregular gray areas. Grains 
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are gray and white in color and are rounded to subrounded in shape. There 
are two types of mineral fragments up to 1.0 mm in size. Type I is white 
and appears to be crushed plagioclase. Fragments are subangular to subrounded 
in shape and make up 10 - 15% of the sample. Type II is light green olivine 
occurring as subangular to subrounded grains up to 1.0 mm in size. These are 
less than 5% of the sample. 



mmmmmm 



S-71-25211 


PHYSICAL CHARACTERISTICS 


Dimensions 
1.3 X 0.8 X 0.8 cm 


Sample 14252 is a medium gray, friable, fragmental rock. It is 
subround to angular, appearing to be 1/4 of a sphere. 

SURFACE FEATURES 

Several zap pits with dark brown glass linings are present on the rounded 
surface, but none are present on angular faces. The surface is irregular 
to smooth, with some non-penetrative fractures. 

PETROGRAPHIC DESCRIPTION 

Sample 14252 is described as a moderately friable seriate microbreccia or 
soil breccia. All grains are smaller than 1.0 mm. It is homogeneous with 
85% of the fragments smaller than 0.5 mm. Lithic fragments averaging 0.5 
mm are gray and white and are largely milky white feldspar with irregular 
gray areas. These fragments are rounded to subrounded in shape and make 
up less than 5% of the sample. There are two types of mineral fragments 
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present. Type I makes up 10 - 15% of the sample and is white orobablv 

” '■= ”9'’* 9>-“'> olivflll occur;?^g'^as subanauUr 

1 0 m In slze!*'^'"' occupying less than 5« of the sample. ThLe range up to 
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PHYSICAL CHARACTERISTICS 


Mass Dimensions 

1 *23 g 1 .6 X 1 .0 X 0.4 cm 

Sample 14253 is a gray angular, blocky, homogeneous, crystalline breccia. 
SURFACE FEATURES 

Glass lined pits, 0. 5-2.0 mm in diameter, are present on two eroded surfaces 
None are present on the hackly surfaces. Vugs 0. 2-1.0 mm in diameter, are 
concentrated at one end, making up less than 5% of the sample. One large 
vug (3 mm) is lined with white crystalline material. Some penetrative and 
and some non-penetrati ve fractures are present. 

PETROGRAPHIC DESCRIPTION 

Sample 14253 is described as a tough, homogeneous, crystalline breccia. All 
grains are smaller than 1.0 mm. Ninety-five percent of the grains are be- 
tween 0.1 and 0.2 mn, appearing to be annealed. Two types of mineral clasts 
are present. Type I is very light gray and appears to be plagioclase, some 
showing gradational white to gray contacts with the matrix. Grains are round 
in shape and occupy 5% of the sample. Type 2 is light greenish yellow, 
probably pyroxene and/or olivine, and round. It is only approximately 1% of 
the sample. 

Thin section 14253,3 shows the rock to be nearly all crystalline with 10-15% 
of gray matrix. There are only two clasts present. The first is a highly 
deformed granulated crystal of plagioclase which now shows multiple domains 
in the crystal. The second type is a fine-grained microbreccia, with scatter- 
ed pyroxene and olivine fragments. The remainder of the matrix is composed 
of a seriate mixture of pyroxene, plagioclase and minor olivine fragments. 

Most of the fragments are pyroxene. 



14254 


PHYSICAL CHARACTERISTICS 


Dimensions 


1 .01 g 1 .6 X 1 . 1 X u. a cm 

Sample 14254 is gray soil, adhering to frothy black glass and is highly ir 
regular in shape. 


SURFACE FEATURES 


There are no zap pits. Vesicles, 0.1 to 1.0 mm in size, make up 30% of the 
volume of the glass. The surface is rough. 

PETROGRAPHIC DESCRIPTION 

Eighty percent of the sample is black glass and 20% is brownish-gray soil 
less than 0.1 mm in size. 










14255,5 


PHYSICAL CHARACTERISTICS 


Dimensions 
1.2 X 2.2 X 2.5 cm 


Sample 14255 is a meoium gray, subangular, blocky, friable fragmental rock. 
SURFACE FEATURES 

Pits were present on all surfaces at one time, as is evidenced by remaining _ 
qlass linings up to 1.0 mm in diameter, however, they have been abraded during 
transport and/or handling. Glass splash present on some surfaces is very 
vesicular. Slickensides or grooves converge towards a point on some surfaces 
as though from a shatter cone. The surface is rough with 0. 1-1.0 mm thick 
glass spatter on three surfaces. 

PETROGRAPHIC DESCRIPTION 

The sample is a fragmental moderately friable microbreccia or soil breccia _ 
(Phinney et al., 1975). No grains are larger than 1.0 m in diameter. Grains 
averaging less than 0.1 mm make up 85% of the sample. Gray and white lithic 
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fragments make up less than 5 % of the sample. They appear to be largely milky 
white feldspar with irregular gray areas and are round to subrounded in shape. 
There are two types of mineral fragments present. Type I is white and is 
10-15% of the sample. Most appear subangular to subround and are probably 
crushed plagioclase. Type II is light green olivine occurring as subangular 
to subrounded grains up to 1.0 mm in size. 

Thin section 14255,5 shows the rock to be a glass-rich breccia with 20% of 
the matrix composed of yellow brown glass. The most numerous large fragments 
in the matrix are undevitrified glass shards. A few masses of devitrified 
glass are also present. There are no clasts in the section. Numerous shards 
of plagioclase and pyroxene with minor olivine and opaques make up the rest 
of the matrix. There is a glass coating on one edge. 




f t-U. 

:^li 


■.'-^ <1^'. 








PHYSICAL CHARACTER! STTrq 
Mass 

DimensTons 

117.8 g c n /I r- 

5.0 X 4.5 X 4.0 cm 

fragmental rock, described by 

SURFACE FEATIIRF9 

mere are a few non-penetrative fractures. 


P LTROGRAPHIC DESCRTPTTnM 


ments^prLInt^arrof^twrtypes^'"^!^^ sample. Frag- 

up to 14 mm. These are 11 thi Odists ^ '"'" and ranges 

and comprise 15% of the sample ? a very light gray and round 

White material (plagioclase) and crushed veil nw of crushed 

0.5-1 mm across. There is also some scatterln m T in areas 

0.1-0. 3 mm across present in these clasts material 

They are medium gray and subanmilav' fn k ana also lithic clasts 

foMS* of the sample and ran e s 

Most are mottled light and dark gray ^ 

vitreous. yray. ipe dark gray areas seem somewhat 

abundant opaquf gJai-n^anrS? p[agiSclas7^^Th mixture of pyroxene. 
'"|fst represent a crystalline clast from therefore, 

of the larger pyroxene crystals are^Jol yqtanular^^Th Some 

of segregation in the section which ma/renresprf ® suggestion 

this rock may be a recrystallized glasi or^meirJo^r'''^''^ 
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PHYSICAL CHARACTERISTICS 


Mass Dimensions 

65.79 g 5.5 x 5.5 x 4.5 cm 

The sample is angular, with half the surface coated with dark greenish gray 
to black glass. The rock is a medium dark gray, coherent fragmental rock. 

SURFACE FEATURES 

The surface of the rock is irregular and 50% glass-coated. Traces of what 
may have been glass linings of zap pits on the breccia suggest that some 
surfaces may have been pitted, but abrasion iias removed most of the evidence 
of pitting. There are no pits on the glass. The glass is finely vesicular. 
Many penetrative fractures are present in the samples, some of which are 
filled with glass. 

PETROGRAPHIC DESCRIPTION 

Eighty-five to ninety percent of the sample is a medium dark gray material 
less than 0.1 mm in size. It does not have the resinous luster of glass and 
may be aphanitic crystalline texture. The remaining 10-15% of the sample is 
composed of two types of lithic fragments and two types of mineral fragments. 
Type I are very lightgray lithic fragments and account for all but a couple 
percent of the remaining material. They are subangular to subrounded and 
are dominantly less than 0.1 mm in size, but range up to 3 mm in size. These 
lithic fragments contain various proportion of crushed white and gray ma- 
terial looks vitreous. The second type of lithic clast is medium light 
gray and is less than 1% of the sample. Grains are subrounded to subangular 
in shape and are less than 1.0 mm in size. These appear to be finely recrys- 
tallized material. The first type of mineral fragment is light yellow-green 
olivine occurring as subrounded grains making up less than 2% of the sample. 
The second type of mineral fragment is reddish brown, probably pyroxene and 
is subrounded in shape. It is less than 1% of the sample. Both types of 
mineral fragments are less than 1.0 mm in size. 

Thin section 14265,7 is to a large extent composed of vesicular glass bond- 
ing small fragments of a polymict breccia. The glass shows only minor 
devitrification and is highly fractured. The vesicles are 0. 1-0.2 mm in 
diameter. The glass is more or less continuous. The breccia part of the 
section has abundant glass in the matrix both as free fragments and as bond- 
ing material. The glass accounts for approximately 30% of the matrix. 

There are no clasts present and the largest fragments are glass. The remain- 
ing fragments are pyroxene, plagioclase, devitrified glass, and small pieces 
of microbreccia. 
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14266 



S-71-26356 


PHYSICAL CfiARACTERISTICS 

Dimensions 

6-95 g 2.0 X 2.0 x 1.0 cm 

Sample 14266 is a light medium gray, rounded, slabby, tough, fragmental 
matrix, polymict breccia. 

SURFACE FEATURES 


Glass lined zap pits up to 1 mm in diameter are present on all but one sur- 
face. The sample is smooth except on one side, which is hackly. There are 
very few non-penetrative fractures. 

PETROGRAPHIC DESCRIPTION 


The sample is homogeneous with a seriate texture. It is made up of 50 - 55% 
light gray material which has a sugary texture and appears to be a mixture 
of white and gray grains in' the 0.1 - 0.2 mm size range. Gray lithic clasts 
from 1 - 3 mm in size make up 40% of the sample. These lithic clasts are 
subangular to subrounded and appear to be breccias with a gray aphanitic 
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matrix and a few small white fragments. There are three _ 

fragments. The most abundant (5% of the sample) is white plagioclase grains 
in various degrees of crushing. One grain has a cleavage face approximately 
1 mm across. The plagioclase grains are subangular to subrounded and range 
frS lesfthan 1 0 to 3.0 mm. Light green olivine grains are also present 
(< IX of sample) and are subrounded in shape. Light brown pyroxene grains 
are subrounded and occur in less than 1% of the sample. 


14267 












S-71- 29249 


PHYSICAL CHARACTERISTICS 
Mass 
54.77 g 


Dimensions 
5.0 X 3.0 X 2.0 cm 



ii 
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Sample 14267 is a blocky, angular, dark gray, tough, vitric [matrix] breccia. 
SURFACE FEATURES 


Glass-lined zap pits up to 1.2 mm are present on all surfaces. The surface 
IS irregular except for a discontinuous glass coating over 40% of the surface 
SactSJes?"'' " coating. There are few non-penetrative 


PETROGRAPHIC DESCRIPTION 


9 ’^“ coating present on one 

surface. Fifty percent of the breccia appears to be dark gray aphanitic 

bl 3 of minlli ?fag:en;s can 

fhp lithic fragments up to 10 mm in size compose 20% of 

the sample. They average 0.5 mm in size and are mostly angular, but some are 


i I 
I 

>\ 




^ Q -j _ 0.2 mm; 

rngula'? grain 2.0 mm m size, sample, the ^°|ye^^onta^n°^ 

mneral fragment, s 

cussmed as a coherent roc. wU. m- Casts (Pa) 
|hi?l%nf"c“on 0972) • ‘'?SloW.’?etrolo°g” 

Tde Europaaa con^^orti™;;^ve^ 

two meters nntii 
mately 30 m.y. ag°- 








PHYSICAL CHARACTERISTIC, 

„ Dimensions 

Mass 

23 12 g 4.5 X 1.5 X 3.0 cm 

sample 14268 1s described by Phinney et al- (1975) as a blocky. medium dark 
gray, vitric [matrix] breccia. 

SURFACE FEATURES 

There is a vesicular glass coating over coding. 

sWos? °Ma*„;%enftra“vr??acL^f a“r? “prerenSf wll^guls 1^ 
truded into some of them. 

PETROGRAPHIC DESCRIPTION 

The rock is seriate In texture. The sa>^le contains approxlmatel^y TO ^ 
gray aphanitic material with a dark resinous cc (g^ j^tj^ounded . 

cent of the sample is composed of very light gray, suoai^ 

lithic fragments wMch range from 1 ^5 unidentifiable 

clase is 60 - 90^ of these . . of Tithic fragments visible 

light gray f^which Ire round\nd^cSmposed of aphanitic material, 

in the sample, both of which are rou ^ other is medium 

One is medium gray and ranges up to . makes up 5°^ of the sample. 

dark gray and ranges up to 0.8 mm • white subrounded fragment 

Two types of mineral ^^^^ments can oTlow brown, subrounded pyrox- 

frfn^^lJe^aJd^make up less than 1* of the 

sample. 

Thin section 14268,3 contains brownish "glass" in 50“/\f'"the 

. iLc" ^ fairlv pvenlv distributed and forms approximately bO/o or tne 

£:ffovH^isrT= 

lined and the glass extends to the outer surface. 

There are only three clasts which°the crystallites are so 

(> 1 mn) consist of a devitrified gl - residual eroded 

Imall their exact identification could not be^^^ Sne of the clasts con- 

Sfnrlry^L?l??irlhrt Trl ruli^rre^Sel^HtfcIn- habit than in the other 

clast. 
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Th6 third clast consists of a large, shocked pyroxene in a matrix of pyroxene, 
plagioclase and glass. The crystal is highly deformed and shows some reaction 
with the matrix. 

The matrix (< 1 mm) has a seriate mixture of mineral and lithic fragments 
Most of the lithic fragments are composed of devitrified glass, many showing 
dendntic crystals, Ther© ar© a fGW small basalt-like masses which have 
maskelynite pseudomorphic after plagioclase. This gives the grain a nearly 
barred" appearance under cross-nichols. The mineral fragments are approxi- 
mately 2/3 pyroxene and 1/3 plagioclase. 





14269, 4 









PHYSICAL CHARACTERISTICS 







Mass Dimensions 

17.19 g 4.0 X 2.5 X 3.0 cm 

Sample 14269 is a dark medium gray, fragmental microbreccia with one rounded 
side. 

SURFACE FEATURES 

Glass coating covers 20% of the surface. Glass lined zap pits up to 0.3 mm 
in diameter occur on the rounded side of the breccia and are present but 
sparsely distributed on the glass coating. Numerous penetrative fractures 
are present with glass veins occurring along several fractures. 

PETROGRAPHIC DESCRIPTION 

The sample has a seriate texture with no fragments as large as 1,0 mm. 
Seventy-five percent of the sample is dark medium gray, aphanitic material. 
Twenty percent is composed of very light gray, lithic fragments that are 
subround to subangular in shape. These have a fine, crushed appearance with 
about 60% feldspar and 40% mafic minerals. Another type of lithic clast is 
medium light gray and is a 50:50 mixture of gray and white material giving a 
salt and pepper appearance to these grains. These are 4 - 5% of the sample. 
One grain of what looks like feldspar coated with rust is present. It is 
pale orange in color, irregular in shape, and 0.5 mm in size. 

This sample appears to be intermediate in color and coherence between vitric 
and fragmental, friable microbreccias (soil breccias) Phinney ^ (1975). 

Thin section 14269,4 shows the rock to be a glass-rich breccia with 10 - 20% 
"glass" in the groundnass. One clast is present in the section. The clast 
is a crystalline rock which appears to be most like a melt rock. The plagio- 
clase and pyroxene are not well formed and it lacks a typical igneous texture 
Numerous glass shards, many containing mineral fragments and some partly de- 
vitrified, are scattered throughout the section. Fragments of microbreccia, 
shocked plagioclase, pyroxene and devitrified glass comprise the remainder of 
the fragments in the matrix. 
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PHYSICAL CHARACTERISTICS 


l^ass Dimensions 

^5.59 g 4.0 x 2.8 x 2.0 cm 

Sample 14270 is a blocky, medium greenish gray fine-grained crystalline 
breccia. 

SURFACE FEATURES 


Some glass-lined zap pits averaging 0.5 mm in diameter are present over 
most of the rock surface. Smooth, spherical to irregular vugs as large as 
2.0 mm in diameter make up 5-10% of the rock. There are also a few slit- 
like cavities 0.1 x 3.0 mm in size present on the surface. Few, non- 
penetrative fractures are present. 

PETR0GP.APHIC DESCRIPTION 


The rock is 95% medium greenish gray material less than 0.1 mm in size 
which has a sugary texture with light and dark patches. Light gray frag- 
ments 0.1 to 1.5 mm in size make up the other 5% of the sample. These are 
subrounded and slightly less than half of these have a vitreous luster and 
could be shocked pTagioclase. The rest is aphanitic. Clasts generally 
have reaction rims. 

Thin Section 14270,8 is composed of a seriate mixture of lithic and mineral 
fragments with widely scattered fine-grained, dark, microbreccia clasts. 

A couple of crystalline microbreccia clasts are also present. There is a 
patch of partly devitrified glass with wormy crystallites. The remainder 
of the matrix appears to be glass free. Lithic fragments include micro- 
breccia, crystalline rocks composed of plagioclase and pyroxene, plagio- 
clase rich microbreccias, and devitrified glass. The mineral fragments 
include isolated opaque grains, large and small plagioclase and pyroxene 
graTns, and occasional spinel grains. Lithics account for approximately 
20% of the fragments. 

DISCUSSION 


Lindstrom et ^ (19/2) investigated the compositional characteristics of 
various Apollo 14 clastic materials, including sample 14270. They describe 
It as lacking distinguishable clasts and noted that 14270,1 matchL the com- 

from 4270 -3 clasts from 14321 ,184, and is different 

I rum J,4, and ,5 in composition. 


Warner (1972) found sample 14270 to be strongly annealed and grou^^^ 
his high grade metamorphic (7) category. Wilshire and ..5!^^! 

fv it as beinq coherent, with dark clasts (F4). Chao et 0972) ist n 
Is bling strongly annealed, but unshocked (2c) , and Simonds et ai. (1977) 
discribi it as being a crystalline matrix breccia (CMB). 


It was found to have an ^^OAr-S^Ar gas retention age of 3.89 t 0.05 b. y. by 
Alexander and Kahl (1974). 








PHYSICAL CHARACTERISTTf<; 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Dimensions 


graj'cllsts.' breccia with light 


SURFACE FEATIIRF*; 


meter, with^ery few pits^on the^naJ^a"^^^ ^ 

some non-penetrative fractures^re preslnt!^^^^^^^ ' Penetrative and 


petrographic DESCRIPTinN 


dark medium gray vitreous or^gyaLv^ann^ coherent. It is composed of 40% 
breccias with 90% light gray matr^x°wit^^'uga"ry^e':L7e^ll\-r^ ^ 




14271, 10 


of 0,1 mm white and gray grains. Fifteen percent of the sample 
sented by light gray lithic clasts as large as 5 mm. These are angular to 
rounded in shape and consist of a finely brecciated mixture of white and 
brownish gray material. A third type of lithic clast is subrounded and 
light gray. These are large as 30 x 10 mm in size and consist of crushe 
zoLs of plagioclase and mafic minerals. Zones are 

across and have a sugary texture. A fourth type of lithic clast is repie- 

seUted by 1 subrounded clast 2 mm in size composed of 

and plagioclase in a 50:50 mixture. Veins of matrix partially penetrate 

the large clasts. 

Thin section 14271,10 must be a section of one of the clast types described 
Is thfmtrix appears to be holocrystalline 

in thp section Very few large fragments are found in the matrix. 

Those present are shocked pyroxene crystals and what appears to be devi tri- 
fled plagioclase-rich glass. The later fragments are poorly formed but 
contain abundant plagioclase crystallites. 

discussion 

Sample 14271 was described as being coherent with light clasts 
and^Jackson (1972) and placed in their F 2 category. More recently, Simonds 
et (1977) list it as a vitric matrix breccia (VMB). 

This was one of the samples analyzed by Eldridge et (1972) for K, Th, 

U, ^^Al , and ^^Na. 





PHYSICAL CHARACTERISTICS 


46.63 g 


Dimensions 
4.5 X 3.5 X 2.5 cm 


Sample 14272 is a blocky medium dark gray coherent vitric (matrix) breccia. 
SURFACE FEATURFS 

GlIss^linefLSUJs un'^fo^n ^ray glass coating. 

on one side. None is oresent nn 

ill diameL?!' is composed of 30% vesicles 0.5 mm 

PETROGRAPHIC DESCRIPTION 

1% S^thP^S^ subrounded ranging up to 1.0 mm in size. It makes ip^Lflhan 
irppi composed of equigranular 0.1 mm material ^ Liaht^^ 

mm in 1.0 

DISCUSSION 

being%Snnu||“;S^? 0972) and classified as 

and §4X Eldn-dge^^^^^ “ Th, U. , 
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PHYSICAL CHARACTERISTICS 


Mass Dimensions 

22. 4g 3. 5x3. 0x2. 0 cm 

Sample 14273 is a medium dark gray, vitric (matrix) breccia. 

SURFACE FEATURES 

The irregular surface is 20% covered with dark gray vesicular glass. No 
distinct pits are visible but there may be a few small ones. Vesicles in 
the glass coating are less than 1 mm and occupy 30% of the glass. There 
are some non-penetrative fractures present. 

PETROGRAPHIC DESCRIPTION 


Sample 14273 has a seriate texture and is coherent. Seventy percent of the 
sample is medium dark gray, aphanitic, vitreous material. Twenty-five to 
thirty perc^-nt of the sample consists of very light gray, angular to sub- 
rounded, lithic clasts up to 10 mm in size. These fragments are, however, 
mostly less than 1 mm in size. They are composed of .a fine-grained mixture 
of 60-70% white plagioclase and two light colored mafic minerals. Some 
light gray subrounded lithic fragments are present ranging up to 1 mm in 
size. These are equigranular with 0.1 mm grains. Light green olivine miner- 
al fragments smaller than 1.0 mm are present and are subangular to subrounded 
in shape. 

Thin section 14273,4 shows that this rock is similarto 14277 except for 
having a much larger lithic clast content. The matrix is glass-rich and 
there are abundant spheres and masses of glass throughout the section. The 
matrix mineral fragments are approximately 1/3 plagioclase and 2/3 pyroxene 
fragments, all of which are shocked and fractured. The thin section shows 
that most of the lithic clasts are devitrified glass and highly shocked and 
granulated plagioclase-rich rocks with some pyroxene. 

DISCUSSION 

Sample 14273 is one of those studied by Wilshire and Jackson (1972), who 
classified it as belonging to their F 2 category (friable with light clasts). 
It was also studied by Eldridge et al . (1972), who analyzed it for K, Th, 

U, ^^Al , and 
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14274 


ORIGINAL PAGE IS 
OF POOR (,'UALITY 


14274,4 






Pnyt;TrAl CHARACTERISTICS 


Dimensions 
3.0 X 2.5 X 1.5 cm 


15.18 g 

sample 14274 is a light medium gray, bloeky. tough, crystalline, polymict 
breccia. 

f;ilRFACE FEATURES 

The surface is 50% and^Jery^ few'^oS^ofherL^^T^^ are a few 

large as 1 mm on and a few 0.1 to 0.2 mm irregularly shaped 

rgs^makrnruMess%Lrirr/thr?oc^ The sample has numerous non-pene- 
trative fractures. 

PETROGRAPHIC DESCRIPTION 

Sample 14274 is coherent ^tSture leL'tharo°rl°1n^aize; . 

light medium gray material with a 9 ^ clasts up to 2 mm in size; 10% white, 

< 5% very light gray, ^^^rounded, lithic clasts u^ crushing up to j mm 

subrounded, plagioclase fragmen liaht areen subrounded material up 

i" r^mS-rsu:rsn?iTrr^.'5 ~ "iic 

^IrsU^lS i™pos™d“Sfa ra- 5 rm?Ktu?e“:t"fine--gra;ned plagioclase and a 
light green material. 

Thin section 14274.4 contains^a mixture Tl^gf 'single _ 

c?yUal of plagLclase. There numerous 

trix. There are of DV''Oxene and plagioclase. Minor 

represented ^ pn^ent. The remainder of the large fragments 

fr^mortl^pfroren; Iher'e are minor spinel crystals also in the matrix. 

DISCUSSION 

i/- 4 - 1 1 -1 no v'firk hv WilshirG 0 ind Jdckson (1972) 
m rfrUM'linelfri: ScclM*) by Simonds et ai, (1977). 













14275,4 


PHY<;Tr.Al CHARACTERISTICS 


12.46 g 


Dimensions 
1.2 X 1.2 X 3.1 cm 


Sample 14275 is a medium light gray, blocky, polymict breccia. 

SURFACE FEATURES 

Glass-lined pits up to 2.0 - in 

face. There are a few non-penetrati ve fractures. 

PETROGRAPHIC DESCRIPTION 

Sample 14275 is a medium sj°ty-fi vf tr"eientrpencent'’o^ 

breccia with a homogeneous , n,aterial which is partially recrys- 

sample is medium mixture of mostly plagioclase and at least 

tallized. It appears to be a mixture ot mos y^p^ g 2 mm. Twenty percent 

^I?irm^?e^?ars:enre Syl-n^rpra^Gi^Use. A sLond type of 





lithic clast making up less than 5% of the sample is subangular to subround 
n shLe dark gray in color, and up to 2.0 mm in size. These are composed 
of very fine grained material, some with white specks. The third type of 
lithic clast is medium gray, subrounded, and as large as 4.0 nim in size. 
These are mixtures of gray and white material. The gray is partly vitreous. 
S wuld contain mixtures of crushed and melted plagioclase. White mineral 
fragments are subangular to subrounded plagioclase grains in various stages 
of crushing. Black mineral fragments are subangular, probably pyroxene. 

Some show cleavage faces. 

Thin section 14275,4 shows a glassy breccia with approximately 10% 
glass in the ground mass. The matrix also contains numerous to 

reddish orange spheres of glass as well as colorless shards of glass. There 
are no clasts present in the section. The fragments in the matrix consist 
of fine-grained microbreccia with pyroxene and olivine fragments, fine- 
grained opaque material, plagioclase and pyroxene crystal and de- 

vitrified glass masses. One unusual feature is a sphere of a microbreccia 
with a small glass rim. There appears to be no glass in the sphere as 
the matrix is very crystalline. It does not appear to be a devitrified 

product. 

DISCUSSION 

Sample 14275 was studied by Wil shire and Jackson (1972) and classified by 
them as an F 2 . Simonds ^ (1977) list it as a vitric matrix brei.cia 

(VMB). 
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— ^SICAL nHflR ACTERT.«;TTrg 
Mass 

12.75 g mansions 

Sample 14276 is a h.. ■ l ^ ^ ^ 

line .c, ^™w-5-g.a.. Mock., co5ece„c. me41om,cei„eo. cc.stal. 

^RFACE FFflTttPp<^ 

10^ ' ™ ™ake up 

aiBOS MPHic De.5rpiPT,o„ 

Sample 14276 is a hi l- 

n is 

'fft yellow!bro^“; aiaa. Fifteen pence’; epulgnanul"r 

-warur;%™S 

"SI; .VaX^irl: 

^'ack opague. s'4“?e?^an*S^ 

Thin section 14276 14 ch 

I41a44"?e™- -.all 

clase present The v’n/'i/ ^®^st two and perhac': thy^a in a diabasic- 

‘0 ’-se patches ^ 

DISCUSS TOM ^ 

Sample 14276 is listen =.c 

-H nock 5. slmondsSV and dackson (1972, and as a 

sembllng sampfe*”?43i'o^i*^fhi'’ described sample 1427s 

MS|7!'wMcm‘ 5S'‘"™"‘"witt*l|ls oMallld ''atarmllld'K^lI'' 

determined to be Isrrj'^O? ^''"^lar?y°hignb/Sr’'^^]h- 

tinct from the 3.95 + n h years before the Drecl'-t- 

clast from sample 1432?'?p\n;^ for basau NnS?’ 

mJ*"® J"J®'^Pf'eted by WasseSrS Wasserburg iSn basaltic 

Mare Imbrium was excavated P^Panastassiou 09711 

excavated between 3.88 and 3.71 b n[on '"^^®"ting that 

Cl N ion years ago, if the 
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Fi-a Hauro Foniatton fil'locali Jod '■J''J,„ri'’’* 

r.vW:>M.o nriaS™ ,«v. i«e,> 

before 3'.95 MlHm years aao, 

Bancarz at ai- 0973) descHbed a'"? , 

samplG 1^0 sample vMhlch consists of a subophitic, mtei- 

1A“^10 Thev studisd soction 14i.76,l » nliaioclasG* 33''<’ pyroxene* 

2 % opaque minerals (mostly fi*at of Apollo 11 and 12 basalts 

oLTminor phases. The texture is. ;ml ike m ^ .,be 

and also un/fke that of euhed.' 5 T,"pla!| 1 ocUso jlcu 

the sample as consisting of 0-a '!™ ' f ’ ny^'oxene grains and mesostasis 
an interlocking framev^rk th a al yi ^ 
lS tho inrersttcos. Phenocrysts “/!;"d to more Ab-Hcb composl- 

“refH090n?^'TXy?are ®'ch displays a v«aK mosaic sti-nctmo. 

nncar: et a1. (1973) conclude, ou flw *l,'„i^|jai'e^'basalts'l that tliei'o 

between tliese so u>e eariier of which was 9“'"“’^®,'" 

are two iiehoratlons ot plag oclase, 'T^ , 1 hire 

origin and suggested th«t this yp call these 

SLl?tf'«U '"'9-^ 
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PHYSICAL CHARACTERISTICS 


Dimensions 

7*59 g 1.2 X 1.7 X 2.5 cm 

Sample 14277 is a dark gray, blocky, coherent vitric [matrix] breccia. 
SURFACE FEATURES 


Few pits are present. They occur only on one side and two ends. There are 
few non-penetrative fractures. A few veins of black vesicular glass is 
present in some fractures. 

PETROGRAPHIC DESCRIPTION 


Sample 14277 is a dark gray, coherent, seriate textured breccia. The matrix 
IS dark gray, aphanitic, vitreous material and is 65 - 70% of the rock. 
Twenty-five to thirty percent is composed of very light gray, subangular to 
subrounded, lithic clasts that are dominantly 1.0 mm in size, but are as 
large as 4 mm in diameter. These consist of a crushed mixture of plagioclase 
and gray material. There are scattered specks of a black, opaque mineral 
present in these clasts. A second type of lithic clast is medium gray, sub- 
angular to subrounded and range up to 2 mm in size. These fragments are 
dominately smaller than 1.0 mm in size and, in all, comprise 5 - 10% of the 
sample. Thin section analysis shows the lithic fragments to be primarily 
devitrified glass and fine-grained microbreccias. Approximately 10% of the 
matrix is lithic and 90% mineral fragments and glass. There are abundant 
glass droplets scattered throughout the matrix. They are composed of very 
fine grained material which is probably annealed. 

Thin section 14277,5 shows the rock to be a glass-rich breccia with approxi- 
mately 40% yellow-brown glass in the matrix (< 1 mm). There are a few chon- 
drul e-like bodies present but clasts (> 1 mm) are rare. The one present in 
this section is a breccia with minor glass in the matrix and composed of de- 
formed crystals of pyroxene with minor plagioclase. There are scattered vugs 
which are elongate and vary from 0.4 to 0.2 mm in length and 0.1 mm in width. 
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S-71-26634 




14278,4 



'.1mm ^ 


200 











PH YS I CAL CHARACTERISTICS 


Mass Dimensions 

7.60 g 1 .5 X 3.0 x 1.5 cm 

Sample 14278 is a medium light gray, subrounded, coherent, low-grade, poly- 
mict breccia. 

SURFACE FEATURES 

Glass-lined zap pits, 0.5 to 2.0 mm in diameter, occur on most surfaces. 
There is one irregular, fresh surface which contains no zap pits. Few 
non-penetrative fractures are present. 

PETROGRAPHIC DESCRIPTION 

Seventy-five percent of the sample is medium light gray, fragmented material 
which is a mixture of mostly plagioclase and at least two mafic minerals. 
These are partially recrystallized, and are less than 0.2 mm in size. The 
most abundant fragments are light gray, lithic fragments, which comprise 
15% of the sample. They range up to 1.0 mm in size and are subangular to 
subrounded in shape. They are composed of plagioclase with scattered 
mafic minerals, giving a salt-and-pepper appearance. The second type of 
lithic fragment is dark gray, subangular to subrounded, and range up to l.u 
mm in size. These comprise 10% of the sample and have an aphanitic texture. 
Mineral clasts are light greenish, irregular in shape, and range up to 2 mm 
in size. These appear to be crushed pyroxene and/or olivine. 

Thin section 14278,4 shows the rock to be a breccia with approximately 5% 
"glass" in the groundmass. The only clast present is_a fine-grained micro- 
breccia with few large mineral fragments. Numerous microbreccia fragments 
are scattered throughout the matrix. Some masses of devitrified glass is 
also present in the matrix. A few partly devitrified glass shards are also 
present. The majority of the mineral fragments are pyroxene with a few 
olivine grains, some of which are in the microbreccia. 
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PHYSICAL CHARACTERISTICS 


Mass Dimensions 

5.67 g 2.0 X 1 .8 X 1 .5 cm 

Sample 14279 is medium light gray in color, blocky, rounded to subrounded in 
shape, and is a coherent, polymict breccia with a fragmented matrix. 

SURFACE FEATURES 


The slightly irregular surface has glass-lined zap pits over all surfaces 
but one. 

PETROGRAPHIC DESCRIPTION 


This coherent, light gray breccia is composed of medium light gray, fragmen- 
tal material about 0,1 mm in size. It is a mixture of white and gray frag- 
ments and is 85 - 90% o'? the sample. There are some very fine-grained 
medium gray, lithic fragments making up less than 5% of the sample. White 
mineral fragments, probably plagioclase in various degrees of crushing, are 
angular and range up to 1.0 mm. They are predominantly 0.3 - 0.4 mm in size 
and are 10% of the sample. Light yellowish green, subangular, mineral frag- 
ments range up to 0.5 mm in size. These make up less than 5% of the sample 
and are probably olivine and/or pyroxene. 

Thin section 14279,4 is composed of several small fragments of the sample 
which does not allow for a detailed discussion of the fabric of the rock. 

No clasts are present in any of the fragments. The groundmass appears to be 
holocrystal 1 ine with abundant small opaque crystals. The only lithic frag- 
ments present in the matrix is a crystalline rock composed of pyroxene and 
plagioclase and some fine-grained microbreccias. The rest of the fragments 
in decreasing order of abundance are pyroxene, olivine, and plagioclase. 
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p»v<;TrAl CHARACTERISTICS 


Mass 
6.20 g 


Dimensions 
1.0 X 1.3 X 3.6 cm 


dark gray, angular block of vitrlc [matrix] breccia. 


Sample 14280 is a medium dark gray 
SURFACE FEATURES 

'airflcrrnd'“e°Lme?ous:'““erfa"1^ 

sample. 


pf.trosraphic description 


Fifty-five percent of the 

_ 1^1 r\ 4 * 


The sample 1 s. coherent and s|t «te ‘ material. The aiore abundant 
sample is medium dark gray. oPhooic'f’ jampie. range up to 3.0 mm in size, 
lithic fragments, making up 30% of gray, sub- 

but are P»'edominantly 0.3 - 0.5 i si sugary-textured plagioclase with 
rounded fragments composed ^ spe^l^s of black, opaque minerals, 

accessory pale brown mafic mi nera^^ subrounded, and very fme- 

The other type of lit*}^o blasts section they are represented as 

Grained with a few white spots, nKi'orrin«: These are predominately 

rri^j1.,=I^d%rnyirr2Trinrzr^^il5-maIe up 1 « Sf the sample. 

Thin section 14380.S shows ™ck to be a glass-rich^^^^^^^^^^ with^a^heavy 
glass coating on one side. The glass coaang and has numerous 

crystallites, ’^be coating also shows ev^ J 

bubbles. Scattered throughout ^ ^ 40% of the matrix (< 1 mm) is 

Jusrfr ”|lasl5’! 'wfS'minSargSns ^re highly shocked and most are 
pyroxene crystals. 
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14281 



PHYSICAL CHARACTERLSTTP*; 


Mass 
12.03 g 


Dimensions 
2.7 X 2.0 X 1.5 cm 


vit?ic [matrix] brSi^ subrounded to angular block of coherent, 

SURFACE FEATURF5 

ThGTB Qr*G 6 few olflss liriGd z^n n^■^c n O 4- n r • 

surface, only. Very few Penetrative •fractu‘?e^arrp;esen?™%^“Sa:p"?e. 

PETROGRAPHIC DF.SCRTPTinM 

Seventy to sevln^-fi ve^perem^o sen'ate texture, 

vitreous material. Light gray lithic aphamtic, medium dark gray, 

n^ake up 15% of the sample.^ a ^e pre^ ^9 ™ 

composed of sugary to crushpH whi+f P^dominately 0.5 mm m size and are 

material and scattered opaques wiJh a 3^^^ 

type of lithic fragment, making up to 10 % of ^ 

rounded, and up to 1.0 L in sizo ^ 9m, sub- 

smaller than 0.5 mm in size A f-hiv’d 9>"ained and are mostly 

Claste. It is ,0 

ties and swirl’s and shMs^sL^flowag^ines^^^Ther^ contains numerous bub- 
glass masses scattered throughout the section. ^ reddish-brown 

thositic breccia ^withTinor^pymelle ^"oJe^orthI°”i 

lated mass of plagioclase crvstalc !ii-h = % ^ clasts consists of a granu- 

fractured larger p^agi*oclase^'?fle oiher consi?Js"nr"^'^ 

plagioclase crystals which show a ^ bladed mass of 

type grades to^he firs;^^p^:ea^^S^edge'o?’?^e"c^:s*t™^‘‘'’■^• 

and rainer^‘^(75%ffraJmentr^'All*of the ?ith^ ^f"* “ mixture of lithic (25J) 
anorthosite type breccia Most of ®^so consist of 

shards which are f^ac“u?^d anf show^^hock"l??lL"'^'"?h^' plagioclase 

pyroxene crystals present A fpw np effects. There are also a few 
dislocations. A few devitrified niacc pyroxene crystals are bent and show 
in the matrix is very turMd ® P''“s"t- The glasT 

tered Sout the’slc«in'' Host^orthe'”'^''-®!’® ifregular to rounded are scat- 

Of the matrix and ™^^;ho:°c^ys^afs^n' ttfclvn^l" 



14282 


PHYSICAL CHARACTERISTICS 


Dimensions 


1 .89 g 2.1 X 1 .4 X I . I cm 

The sample is a medium gray, friable, fragmental rock (soil breccia). 

SURFACE FEATURES 

Forty-five percent of the surface is coated with black vesicular glass. The 
cavities are more than 20% of the glass. This coating is up to 2 mm thick. 
Several non-penetrative fractures are present. No zap pits are visible. 

PETROGRAPHIC DESCRIPTION 

The breccia is homogeneous and contains no grains larger than 0.5 mm. Eighty 
five percent of the sample is medium gray fragmental material smaller than 
0.1 mm. Two types of mineral fragments are visible. The first is very light 
gray, subangular to subrounded, and smaller than 0.5 mm in size. They occupy 
10 - 15% of the sample and are composed primarily of crushed plagioclase, 
some with a bit of gray material. The second mineral fragment type is re- 
presented by one round grain 0.5 mm in size. It is light green, probably 
olivine or pyroxene. 





Thin section 14282,5 is that of a breccia with 5 - 10% "glass" in the matrix. 
There is one very fine-grained microbreccia clast present which is nearly 
opaque. Small pyroxene shards are isolated in the clast. The rest of the 
matrix has fragment: of microbreccia, basaltic rocks, pyroxene grains, and 
rare plagioclase fragments. 
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14283,5 


.1mm 





PHYSICAL CHARACTFRT.STTr«^ 



1.25 g 


Dimensions 
1.5 X 1.2 X 0.6 


poTymicrb^eccia! angular, coherent, crystalline, 

SURFACE FEATURES 

Ilf. are present on one face, only, and are few in number. There are 
few, penetrative fractures present. 

PETROGRAPHIC DESCRIPTION 

The sample is light gray, coherent, and has a seriate texture with some 

Seventy percent of the sample is medium 
light gray, fine-grained, granular, crystalline material smaller than 0.1 mm 
in size. Fifteen percent are very light gray, lithic clasts that are sub- 
rounded and are mostly 0 5 mm in size, ranging up to 4.0 mm. These are mostly 
lAhite plagioclase, with 10 - 20% mafic material. A second type of lithic 

and generally is 0.5 mm in size, but is as 
large as 2.0 mm. These are composed of a 50:50 mixture of white, sugary 

vitreous material. A third type of lithic clast is 1 mm 
anH equigranular 0.2 mm grains of 80% plagio- 

J linht^Ln,/ J silicates with a trace of opaques. Pyroxene and/or oli- 
vine, light brown to light green in color is present as mineral clasts. 

14283,5 shows the rock to be nearly holocrystalline with only 
scattered small amounts (<_1%) glass in the matrix. The only clasts present 
are microbreccias with residual pyroxene shards. One microbreccia has a 
dark, nearly opaque matrix hosting the mineral shards. There are several 

f • scattered throughout the matrix. There is also 

matrix. There are numerous irregular, blocky masses 

the glass is colorless to 

dpi the matrix is composed of pyroxene mineral fragments, 

dev trifled glass, microbreccia fragments, small amount of opaques, rare crys- 
talline rock fragments, and abundant fine-grained material. 
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14284 



S-71-26656 





« 




a 



PHYSICAL CHARACTERISTIC ^ 

Mass 

1.479 '•= 

Sample 14284 is a subrounded, medium gray. 


Dimensions 
X 1.2 X 0.8 cm 
coherent, fragmental 


rock. 


<;ilRFACE FEATURES 


Glass lined zap pits. 
Few, non-penetrative 


up to 2 mm in diameter, are 
fractures are present. 


present on all 


surfaces . 


trographic description 


, I II — — . — ' — 

..pie 14284 is a seriate Jogeneous .i^^^ 

lanl.Omm. Seventy to eighty percent The 

jss than 0.2 mm in size. Two types or icn ^ and most p 0.5 

jre abundant is very 1 ^ 9 ^^ gray, subanguiar xo^^^ 

n in size. They range up plains, but most are polycrystal line, 

le. Some may be ird^Y^dual plagioclase g ^ Tine 

sffi; Si'srs!- r, sirs ..2 - ... - « ..»■ 
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14285 


O 



S-71-26661 



a 





PHYSICAL CHARACTERISTI CS 

Mass Dimensions 

2.23 g 1 .5 X 1 .1 X 0.9 cm 

Sample 14285 is a light medium gray, coherent, polymict breccia. 

SURFACE FEATURES 

Glass-lined zap pits up to 1 mm in diameter are present on all surfaces. 
There is one, non-penetrative fracture. 

PETROGRAPHIC DESCRIPTION 


Sample 14285 is a blocky, rounded, light medium gray, polymict microbreccia. 
It is homogeneous, with a seriate texture. None of the grains is larger 
than 1 mm. Sixty to seventy percent of the sample is medium light gray frag- 
mental material less than 0.2 mm in size. It is a mixture of mostly plagio- 
clase and at least two mafic minerals. It appears to be partially recrystal- 
lized. Two types of lithic fragments are present. Thirty percent of the 
sample is very light gray, subangular to angular, lithic fragments 0.4 - 0.5 
mm in size. Some appear to be breccias with fine grained matrices and dark 


i-4 
\ : 


I 

|V 


213 



gray clasts, others may be finely crushed, medium grained igneous rocks. 

Five percent is dark gray, '.bangular to subrounded, fine arained to vitreous, 
lithic or mineral fragments 0.2 - 0.4 mm in size. 



14286 





* 


S-71- 26983 




PHYSICAL CHARACTERISTICS 



Mass Dimensions 

4.42 g 1 .4 X 1 .1 X 0.5 cm 

Sample 14286 is a medium brownish-gray fragmental rock. 

SURFACE FEATURES 

The irregular surface has an unusual metal coating up to 1 mm thick over half 
of it, with one small area of glass splash. Glass lined zap pits up to 2 mm 
in diameter, are present in the breccia. Pits in the metal coating have up- 
turned, flange-like rims. The metal coating appears to have been deposited 
in one continuous mass, but erosion by micrometeorites has made the coating 
discontinuous. 

PETROGRAPHIC DESCRIPTION 


The sample has a fragmental seriate texture, and is coherent. Seventy to 
eighty percent of the sample is medium gray and seems to be a mixture of 
brown, white, and gray fragments less than 0.2 mm in size. Fifteen percent 
is very light gray lithic fragments subangular to subrounded in shape and 
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M 







commonly 0.5 mm in size. These are as larop a.: ^ 

50:50 mixture of crushed white plagioclasL^Lri^^iiJhr^ '= 9 '”P°sed of a 

sized areas. A second type of lithic clast mineral in 1 mm 

IS 5* Of the sample. It has differ, •ng'’]EadeI'’or?a™i;h 
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14287 


PHYSICAL CHARACTERISTICS 


Dimensions 


■] Q7g I.OXU.OXU.a UM 

Sample 14287 is a medium brownish gray, coherent, fragmental rock 
that is blocky and angular in shape. 


SURFACE FEATURES 


Less than ^% of the surface has 
There are few, penetrative frac- 


Few zap pits are present on all surfaces 
cavities smaller than 1 mm in diameter, 
tures. 

PFTRnCRAPHIC DESCRIPTION 



size and are composed mostly of crushed plagloclase with some light colored 
mafic minerals. The other type of lithic clast is composed of aphanitic 
material. The clasts are subangular to subrounded, commonly 0.4 mm in size, 
and range up to 1 .0 mm. 








phy?;tcal characteristics 


Dimensions 


3 44 g u./ X 1.0 X 1./ un 

Sample 14288 is a medium dark gray, vitric [matrix] breccia. It is blocky 
and angular in shape and is coherent. 


SURFACE FEATURES 


PETROGRAPHIC DESCRIPTION 




but range up to 1.0 mm in size. These are subrounded, and are composed of 
very fine grained, almost vitreous-appearing material. 


t 





14294 


Weigh bag 1038 was used to hold rocks and fragments from station H, EVA-2 
The largest samples are numbered 14312 - 14320 and the residue is 14290 - 
14297. Samples 14294 - 14297 are the largest fragments of the residue. 

14294 


PHYSICAL CHARACTERISTICS 


Dimensions 


Sample 14294 is a breccia with one rounded side and one angular side. It 
is grayish brown on the rounded surface and light to medium gray on the fresh 
surface. 


SURFACE FEATURES 


Pits ranging from 0.1 to 1.0 mm in size are glass lined. There are eight 
pits per square centimeter on the rounded surface. The angular side is a 
fresh fracture surface. Several spalls are parallel to this surface. A 
thin patina of dust appears to be welded to the rounded surface by a very 
thin layer of glass. 





PETROGRAPHIC DESCRIPTION 


fragments consistfng of 80 % white tJ Mlor1ess’mlM?ll 

feTlh^^n c!fr 

lithfc fragments. Traces of pyroxene occu? in th^mt?1x. ’ " = 


A thin vein of black glass which 
dntic pattern. 


is O.c mm wide and 6 mm long forms a den- 
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14295 



S-71-26676 


PHYSICAL CHARACTERISTICS 

• lass Dimensions 

1.24 g 1.2 X 1.2 x 1.0 cm 

Sample 14295 is a fine grained, polymict breccia with 5% clasts larger than 
1 mm and 95% matrix grains smaller than 1 mm in size. 

SURFACE FEATURES 

Pits ranging from 0.1 to 0.8 mm in size are lined with black glass. They 
occur over 20% of the rock surface. There are no fractures, but 80% of the 
rock are fresh fracture surfaces. 

PETROGRAPHIC DESCRIPTION 

Sample 14295 is a coherent, fine grained, polymict breccia with an average 
grain size of less than 0.1 nm. It is composed of 5% fragments larger than 
1 mm and 95% matrix grains. One percent of the clasts are feldspar' fragments. 
The rest are lithic clasts of two main types. Both are mesocratic. The 
first type consists of dark gray glassy or lithic fragments which are set in 




light colored f f ix Prtarlly compos^^^^^ 

SS rrre “U -0 . ..i. 

to 14321. 
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14296 




S-71-26678 


j 


PHY<;Tr.AL CHARACTERISTICS 


2.26 g 


Dimensions 
3 X 1.2 X 0.5 cm 


Sample 14296 is a light gray, angular, flat, polymict breccia chip. 

SURFACE FEATURES 

p^^-c ranoina from 0 1 - 1 .0 mm are lined with dark brown glass. The depth 
^5th'rS?1o™f iie larger pUs are 1:2. These deep pits resemble hean- 

spheres. There are no fractures. 

PETROGRAPHIC DESCRIPTION 

Samole 14296 is a moderately coherent, medium grained, polymict breccia. It 
irtextirally but not m1neralog1cal^ homogeneous. It 

20* clasts larger than 1 an. and 80 - 90* matrix grains. Clasts are all leuco. 
cratic rock fragments of three types: 

Fpld«;Dar-rich sub-rounded rock fragment of a finely crystalline equi- 
’ g^nula? I^ick. It «nta1ns a trad of light brown pyroxene and some 
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small 0.1 mm; opaques. 

Very finely crystalline, mafic clasts which are subangular, dark qrav 
and measure up to 3 mm long. They may be rich in feldspar. ^ 




H 

I 




S-71 -26684 


PHYSICAL CHARACTERISTICS 


Dimensions 
2.0 X 2.5 X 1.0 cm 


Sample 14297 is a polymict breccia with an unusual clast mineralogy. 

SURFACE FEATURES 

No zap pits are present and all surfaces appear to be fresh fracture sur- 
faces. One planar fracture is present. There are neither vugs nor vesicles, 
but one or two clast molds occur on the surface. 

PETROGRAPHIC DESCRIPTION 

Sample 14297 is a polymict breccia composed of 15% clasts larger than 1 mm 
and 85% matrix. The clasts are mostly melanocratic and leucocratic rock 
fragments and some glassy rock fragments. One type of lithic clast is a 
mixture of white and yellow minerals in equal proportions and one garnet-like 
pyroxene crystal. A second type is medium gray and cryptocrystalline. A 
third type is a mixture of feldspar and a gray mineral phase. Clasts of 
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to black glass. 















14301,81 


Sample 14301 is one of two samples (14301 and 14313) collected at station 61, 
150 m east of the LM on the north rim crest o-^ North Triplet Crater during 
the second EVA. According to the astronauts, the rork appeared to be similar 
to the other rocks in the area; these appear to be ejecta from North Triplet 
Crater. Except for samples dug from trenches, 14301 was the most deeply 
buried rock returned during the Apollo 14 mission (Swann et_^. , 1977). This 
sample was larger than anticipated, and was' placed directly in weigh bag 1031 
(?) by the astronauts. 


PHYSICAL CHARACTERISTICS 


Dimensions 


Sample 14301 is a moderately coherent, light medium gray, polymict breccia 
It consists of at least 20% clasts larger than 1 mm. 


SURFACE FEATURES 


Horz ^ (1972) report that one set of surfaces is marked by micro-mete 

oroid impact pits, whereas another is not. The face in NASA photograph 
S-71-32476 displays si ickensides, and this face has abundant microcraters. 





PETROGRAPHIC DESCRIPITOM 

r'*'' ?°* ’='-9e>- than 1 ™n,. most of 
color, irregular glass cfasis t t^ a’d ^S?o“ircS or (sp t“e?^)'''c*jfu®'’^'' 

ss.=sss r;r:.:”S-“^ »‘— 

Shocked without zoning plagioclase which appears mildly 

DISCUSSION 

using the particle track method (Hart et al 1972^?!^ ?v 

5?a^e?:?'T^?g‘:= til 111 oJ crateJs^lt^h 

tion and exposure age for rocri 43 nf^i^-iA ‘ microcrater distribu- 
million yea?s 

Sample 14301 was studied by Warner (1972) who rlflccifiori ■,'+■ u- 

ctc^ ds'F 

n'972flflt4«r”' = Vitric Ll?ix’’S?eccia''(§m)!'' Mng' 

drule^ike bodies present^ samples with abundant chondrules and chon- 

Sample 14301 is one of those mapped by Twedell et al nQ 7 oi r^. •, 

IS available on page 351 of thiTbooklet ' geneology 
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14303, 52 


Original page is 

Of: POOR QUAUIY 




These samples are pieces of a football-size rock collected from a location 
80 m NNW of the LM during EVA 1. This rock was almost completely buried in 
the regolith and its orientation is unknown. Both of these samples have 
freshly broken surfaces. They were first identified as pieces of the same 
rock in March, 1977, when the models of the rock were found to fit together 
along their freshly broken surfaces. They share a common lithology which is 
especially evident along the broken surfaces. These samples were returned to- 
gether in weigh bag 1027 which also contained sample 14305/302 and various 
smaller chips (see Phinney et al-, 1975). These samples were examined in the 
CRA and NNPL by the PET, and 14303 was extensively distributed for scientific 
experimentation. Sample 14304 has been designated a posterity sample. 

PHYSICAL CHARACTERISTICS 



Mass 

14303 898. g 

14304 2499. g 


Dimensions 
16 X 9 x 7 cm 
20 X 11 X 10 cm 


This rock is a coherent, gray, blocky to subrounded breccia. 

SURFACE FEATURES 

The sample is saturated with zap pits and is considerably fractured in some 
places. The zap pits range in size from less than 0.1 - 7 mm on 14303 to 
0.1 - 3 cm for 14303. The pits are lined with a dark brown botryoidal to 
bubbly glass. This glass is 0.2 mm thick in the larger zap pits. 

There are at least two sets of fractures on these samples, so that although 
the rock is tough with clasts firmly imbedded in the matrix, the rock would 
break apart if handled roughly. 

PETROGRAPHIC DESCRIPTION 

14303: This rock is a polymict breccia with a holocrystalline matrix, pe 

average grain size is approximately 0.2 mm with 95% of the grains less than 
1 mm. Approximately 40% of the rock is white, turbid plagioclase averaging 
01 mm in size. Olivine fragments are rare as are pyroxene fragments, pin 
coatings of black glassy material on part of the lithic fragments give them 
the appearance of black glass fragments. 

14304: This sample is also a polymict breccia with a holocrystallpe mprix 

and it appears to have the same grain size distribution as 14303 (Simonds 
^§1., 1977, their figure 1). 

Approximately 35% of the fragments are larger than 1 mm. pese are rounded 
to subangular. The large fragments are darker than those in J4303, consispng 
of dark gray, microbreccia fragments from an earlier generation. The clast 
mineralogy is subhedral, white, feldspar and brownish green olivine. Pyroxene 




^ . • difficult to resolve except in thin section, 
is also present but is ^ clasts, and 

f 14303 7 and 14304,0 shows 

SforfaJiLs face. (Twede,, ^ ^ 

In an attempt to ctaractenze the ff"the t 1 ™ clasts. The 

tlMrs"eShf/wnrthrpnopen patent designated wene: 


14303,51 


14303,52 


Parent 


iPlD es 1 . . _ 

, Parent Dominantnait^i^ 

coarse-grained plutonic rocKs 

rocks and plagioclase shakos 

Plutonic rocks a^d coarse grame 
ulates to crystalline breccias 

• thP results of this summary, the predominant type ",ith 

In summing the metaclastic variety. -i^c local varia- 

in this generic is the dark ">etac. T “1* •: thrsame. 

s;f S’.?r - »• 

and Mineral clasts range up to ^ nm .. ^ated opaque 

fra^menta tlast . w th pyroxene, olivine, ^asts are described: 

Inantly plagioclase wi distinct fragmental . ^ich is at least 

described as being unusually lary 
present. 

discussion r^Tprcnt with dark clasts 

Vlilehire and Jackson (1972) foun (W2)jescribed I4303^and^^^ 


annealed breccia group 
matrix breccias (CMB). 




po»shed thin sections 

monphic environment beneath Ihf p?e-Imbr In Ssl 'V““ I” " P’^tohic-meta- 
qSi^Mv'’lM?erfurface^baiIl?s^ ’'"P®''P''®ted asTeiorfraKtr^f 

?J »SItTf?h1r(oX\L"r?lJirif'^^" an “ot:?Ie“gra1Ss' 

monomineral ic, rims of pvrJSe !° f?™ a’"°aP 

0 972) that at least soSfof ?he oHail '’'"3^"'' "<>nister 

They note that some plagioclase sinoll elvlt»f f f undergone slow cooling, 
presumably by abrasiSn in transport ^ ='“"‘ apharicai; 

beginning on pagr3sFof"this''bookletI’'' ^ sample is available 
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Figure 


4b. Map of closts in reconstructed slab of sample 14305. 
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QB Qtfi^asic basalt 

OB Ophitic basalt 

Qhnr;ksd 


Two football -si zed rocks (FSR) were collected about 80 meters NNW of the LM 
during the first EVA. Both were broken apart during transit to the LRL. 

The pieces were numbered 14305/14302, and 14303/14304. Sample 14305/302 was 
returned in weigh bag 1027 along with 14303/304 and fragments 14165-14189. 
All of these samples have similar lithologies, numerous fractures, and 
freshly broken surfaces, so the fragments 14165-14189 could be from either 
of the two. It is believed that these football -size rocks may have been 
transferred into weigh bag 1027 inside the LM, but this transfer was not 
documented. They were taken out of 1027 in the CRA before entering NNPL 
for examination. Sample 14302 was later renumbered 14305,18. 

PHYSICAL CHARACTERISTICS 



Mass 



Dimensions 

14305 

2117 

g 

14 

X 15 X 10 cm 

14302 (14305,18) 

380 

g 

14 

X 3.5 X 6 cm 

Combined 

2497 

g 

14 

X 20 X 10 cm 


The sample is a medium gray, holocrystalline, clast rich breccia which has 
been well -sintered together. 

SURFACE FEATURES 

The Ni face is subrounded and heavily zap-pitted. It contains one large 
glass-lined pit 8 mm in diameter. This is the surface facing up in lunar 
photographs. The Tj, Wj, Bi, and part of Sj (facing E) is made up of a 
flat planar fracture, surface containing no zap pits. The combined rock was 
found on the regolith surface about two-thirds exposed. The orientation is 
wel 1 -documented by photography, how<'-;ver, the distribution of zap pits on the 
buried surface indicates a different orientation at an earlier time. The 
planar fracture and zap-pit distribution indicate that 14305/302 was exposed 
as part of yet another rock and was subsequently broken off and projected 
to its documented orientation [more detailed discussion can be found in 
Swann e^ al_. (1971) and Horz e;t al_. (1972)]. 

Except for three fractures parallel to the Si planar surface on the Sj-Bi 
edge, the rock is relatively tough. It is easy to shape with a saw, and 
the clasts are well sealed in matrix. 

The turbid and shattered feldspars are the only shock features visible on 
the surface. 

PETROGRAPHIC DESCRIPTION 


14305 is a clast-rich, holocrystalline breccia that has been well-sintered 
together. It is composed of a light gray fragmental matrix (-v 70%) with an 
average grain size less than 0.1 mm (Simonds^^., 1977). The mineralogy 
of the matrix is indeterminate in binocular observation, but appears to be 
plagioclase rich. Only a few percent of mafic silicates are recognizable. 
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The rock has a seriate texture with clasts ranging in size from 10 cm down 
to the crystallites comprising the, matrix. Approximately 30% of the rock 
is composed of clasts larger than 1 mm. Most of these clasts (80%) are 
themselves microbreccias of an older generation. A dominant clast lithology 
is a dark gray aphanitic microbreccia. Only a small percentage of the 
clasts are of a non-fragmental nature. These include white plagioclase-rich 
clasts (15%) and brown mare basalt clasts (5%). All of the clasts are well- 
cemented to the matrix and cannot be broken free. One dark clast has a black 
glassy matrix containing 15% phenocrysts and microphenocrysts of subhedral 
white feldspar and pale green olivine. These phenocrysts are approximately 
0.2 mm long set in the crypto-crystalline matrix. Maps of 14305,27; 14305,30; 
and 14305,18 (Twedell ^ al_. , 1978) show the three major clast types (plagio- 
clase, dark gray microbreccia, and mare basalt) as well as several other 
clasts that are interesting. 

In an attempt to characterize the nature of the sample, a reconstruction 
of slab 14305,46 was undertaken. 14305,46 was subdivided into five portions 
and each of these were made into probe mounts (14305,104-14305,108). 
Micro-photography at approximately 3.75x was undertaken and a photo mosaic 
reconstruction of the slab was made. A detailed mapping of those clasts 
^ 1 mm was made and the phases characterized (see figure 4). 

As can be seen, the major clasts present include a variety of crystalline 
breccias and/or cumulates and scattered basaltic fragments. Most of the 
single mineral clasts lie below the size limitation set and only occasional 
small clasts of pyroxene and plagioclase are present. A few clasts of 
anorthositic breccia are also present. Only part of the clasts (as desig- 
nated) show extensive shock effects. A total of six other sections with 
various parents were examined to give a more complete characterization of 
the rock. 

The samples examined with the proper parent designated were: 


Sample 

Parent 

Dominant Clasts > 1 mm 

14305,4 

- ,1 

Subdiabasic basalt, anorthositic breccia and 
fine-grained breccia. 

14305,17 

- ,11 

Large, shocked single crystal pyroxenes, 
coarse-grained anorthositic breccia and fine- 
grained breccia. 

14305,87 

- ,44 

Pyroxene/plagioclase cumulates, olivine 
bearing basalt, fine-grained breccia and 
single crystal shocked pyroxene. 

14305,89 

- ,55 

Medium-grained breccia and a fine-grained 
breccia. 

14305,95 

- ,46 

Single crystal pyroxene, subophitic basalt, 
fine-grained basalt, anorthositic breccia and 
pyroxene-plagioclase cumulates. 
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14305,99 


- ,37 Myrmeki tic- like pyroxene crystal, ophitic 
basalt, fine-grained glass-rich breccia, 
spherulitically recrystall ized plagioclase, 
and fine grained anorthositic breccia. 

In summing the results of this survey, the predominant type of clasts in 
these examples is a coarse-grained basalt to pyroxene-plagioclase cumulate. 
The next most abundant type is the fine-grained breccia. Wil shire and 
Jackson (1972) list the order of abundance of clasts larger than 1 mm in 
14305: 

1. Dark metaclastic, most abundant . 

2. Intersertal to variolitic basalt. 

3. Opaque minerals. 

4. Intergranular basalt/plagioclase-pyroxene cumulate-recrystallized 
pyroxenes. 

5. Orthopyroxene/aphanitic basalt/graphic quartz-alkali feldspar/re- 
crystallized plagioclase, least abundant . 

DISCUSSION 


Sample 14305 is listed as an by Wilshire and Jackson (1972), and as a 
shocked, strongly annealed, Fra Mauro breccia by Chao et al . (1972), It is 
listed as a grade 6 (high-grade metamorphic) by WarnerTl^2) and as a 
crystalline matrix breccia of the Fra Mauro type by Simonds et al. In their 
mineral and chemical variations in these samples7"Brown et al. 
(1972) found fragments and lenses of rhyolite, which they believed to hI7e~ 
been derived from melting of crystalline granophyre fragments. Several 
granophyre fragments were observed. K-feldspar in one granophyre (14305 111) 
contains 4.1% BaO. Dence and Plant (1972) note that in section 14305 5 
annealed glass, predominantly of Fra Mauro basalt composition, encloses 
small amounts of potassic granite. 

In their discussion of the effects of micro cratering on the lunar surface, 
bault ^ (1972) pointed out the deep fracture cutting across the 

spalled^region surrounding a large glass-lined pit. This impact apparently 
almost ruptured the rock, and is a good example of the violent and catastro- 
phic disruption that is caused by particles which are capable of forming a 
crater with a diameter that is a significant fraction of the rock's dimen- 
sionsdiscussed in the study by Gault et al . (1972). Sample 14305 is 
described by Morn' son e^ a]_. (1972) asTeing heavily cratered on all major 
surfaces indicating a complex exposure history. A discussion of the surface 
orientaticn is presented in an article by Horz et al . (1972), 

A photograph of a model of sample 14305/302 is available on page 355 of this 
booklet, along with its geheology on page 354. 
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14306, 65 



Me U306 IS a fragmental rock c°'’«“VeV^“‘rrst'i f^Norrh'^pfet 

^lonar^modulejLM)^, 

l™ni°en'tft?on''arr«ll documented. 
rSICAL r.HARACTERISTICS 

— — n*imancTnn^ 


582.8 g 


Dimensions 

15.0 X 7.5 X 6.0 cm 


, eample Is gra, wUn . wMte clasts and Is dlock, In sdape. e 
ck is a coherent breccia. 

rfACE features fracture lined by vesicular 

tr^dr:rsTri:rtrat’ad4|^^ 

rbrerp5ll"nrS- "o? ^lr?racture-plane and Us glassy coatsng. 




rhe one flat face of 14306 Is I'SMly S^rfdrn'selrcovrrrd'witr' 

(zap pits), and liserby Sorrlsi et al- (1972) 

‘tfpnefeSt'l^d^nte^^rt crater population^dat^ 

S“rofrftrr^ftidfestrtS^n\Jpliea^ reconstruct the history of the roots 
during their residence time on the lunar surface. 

PFTRnGRAPHIC DESCRIPTIM . 

S™rUL^;t°^l^s"t^a^ifl^ide^tTn1h^^ 

(Tv^edel 1 a j » > 1 978) . 

This generic is '‘matrix" material. The 

an extremely high clast [3^^ few (in the sections examined) 

iSedfd ^tm'‘]r le!^^Sr:I?iS5> -positions in these clasts ,s also 

tesfdiverse than in the other generics. 

. u ..n’4-vi a ri-iffprent parent were examined. 

A total of two thin sections each with a different pare 


Sample 

14306,65 


14306,68 


Parent 


Dominant Clast > 1 mm 

Glassy dark metaclastic rock, light meta- 
clastic rock and anorthositic rock. 

Fine-grained dark metaclastic ^^Ij^^'rock 

colored metaclastic rock and anorthositic rock. 


This analysis is in very 90od agreement wm 

-Srireft’i iJ'"tre Tr^eft-^i^aft^ fn“‘th^^^greatest abundance. 

discussion 

The sample is classified os a crystalline 

(1977) and like the other CMB s 1 no??! and 2c Fra Mauro (shocked) 

ind dikson (1972). grade 4 "^c^nfcal hi story of sample 14306 

has been investigated by Anderson et |1. (197 fragments to be 

generation metamorphosed breccia. They ou crystalline and partly 

bLaltic (noritic) microbreccias that are coar^^^^ micro-to-crypto- , 

glassy. The ^®tond generation g ^l^^rd generation is the host matrix, 
SlfsimilaMn^composition to ihe second generation. 




*"'*act°1n^ql^' It^MS fra^ented’^and^combiaed^w^ material to 

J?rdSce’"the=!;coJ5 ^fnerSf and the t^’jMeneration^was^prod^ 

aSd'Sfth™n'‘?h?efcrrtrr-diP"ete?^ (fumc^'^EA- 

rhr^'cyHnSrfcal^mrtll 'parM les 1-2 - long and a 200 jm 

r/'tL^retarpafticuf i^nilJse^ira |la%ilfe^’vesl^ Snd that 

ri^Kerf^'a^rn^r^J^el^r ZZl pSn°eriSlr‘t? 'AlJh^^rh’th S’are now 

rS^fn I II!ri97T)!""T^rrant?2^er^pp^lf?J\a;f SeS inSctef with 
the glass into the fracture at a high temperature. 

Crozaz et al . (1972) found the cosmic ray exposure age to be 24 m.y. and 
feel thF'r^ was ejected during the Cone Crater event, the object th 
caused the event is interpreted as being metallic. 

II • !/■; of al Mq 7?1 have identified metal spherules in the same glass 

0^13306.^!?; ire sliS'to size from'so A to 100 pm in diameter, 

A photograph of a model of sample 14306 and a diagram of its geneology is 
available beginning on page 356 of this booklet. 
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Thirsarnpirwas^nofwen^S EVA at station G 

.“ wSS'.f'iS,”"," .“s" Js,r.‘;.";: t" ■''••« 


physica l CHARACTERIstjc.s 


1 55.0 g 


Dimensions 
5.0 X 2.5 X 8.0 cm 


Tu,- . ^ o.u cm 

varies from whi^te trdart''gray°‘^''Thi*’' ‘U ^’’’'^SuUr surface. The color 
strong to prevent c 1 astl'f?„ 7 fan ?„\™ suffWen?!r 

SURFACE FEATIIRF^ 

There are few zap pits inn'^v. .c 

rii<-c i ^'^•"eguiar superficial cracks 5 in ^ • °?served. There are man^ 
cuts a large white clast and is «Iled’w,'th™ as"s. facture * 

petrogra phic DESCRTPTTnM 

Siy^Se^? 0 %'?hrj?a\i^^t"'=,:\“ 4 ^etiate texture. Twenty to 
shines ’tu*'^^ Predominately leuwratl?^"wlfr'’ ''r® 9 "'p"ts 0.05 - 
mes\^ratic'’'''?tM oZl^T = ») c?as\‘ ’ S,^e''c?a 1 t“’^'' 5 *° 

associated wii 0 35, , 

lu.b X 0.25 mm) is bright oreen olivine. One arsin 

“faely crystalline ?efdspar »*9 tlody 

^ transparent anhedral materisl^^^c laths, and 5% 

vesic;ia°r%Tis"h'.”°^‘'^ ''^^^■9'■a^ilr;i“a^’■ila1S'a„Vas* 

?iih\® as 


frflnmon+ .y . average size beina 0 ? n o °”y>Jiar to subangular 

y most entirely unrecrystal lized, but is 



dark brown in color, with a mottled texture. This finely comminuted mater- 
ial makes up S^% of the sample. 

Lithic clasts are, themselves, breccias and contain lithic microclasts, 
mineral, and glass clasts. Lithic microclasts are observed to include 
microclasts of breccia and basalt, but most are breccias. Commonly, glass 
IS pale yellow and flow banded. Some honey-brown glass is present. One 
large clast has a basaltic texture. It is coarsely poikilitic, and com- 
posed of feldspar and cl i nopyroxene, with accessory anhedral ilmenite One 
fragment is very olivine-rich. Some clasts could be noritic. 

9paques present in the groundmass include ilmenite, troilite, and metallic 
iron, with spheres of iron common. Within the clasts, ilmenite, spinel, 
ulvospinel, troilite and metallic iron are seen. 

DISCUSSION 


Sample 14307 is classified as a shocked regolith microbreccia (1 c) by Chao 
^ al_. , (1972), and placed in Warner's group 1. Wilshire and Jackson list 
It as F2, and von Engelhardt et£l_., (1972), call it a glass-rich regolith 
breccia, Simonds aj_. , (1977), likewise, place it in their vitric-matrix 
breccia category. 

Hdrz , (1972) studied 14307 to determine the surface orientation of 

it. They found that part of the glass splatter has been removed by micro- 
meteroid bombardment. The preservation of uncratered, highly vesicular 
glass splashes, which are very delicate, is said to be an indication that 
the rock did not tumble after the glass was deposited. 

Berdot ^ , (1972) found, during their irradiation studies of 14307, that 

It is KREEP-rich, with a mean model age (Tpart) for the KREEP material of 
about 4.4 b.y. (Nyquist, et ^. , 1972). iT^tfle compaction of 14307 resulted 
from the Imbrian event, dated at 3.8 b.y. (Wasserburg and Papanastassiou, 
1971), then the time to produce the observed track density is too short 
with the present solar flare activity. 

Berdot et , (1972), also note that the dark matrix of 14307 contains the 
largest absolute amount of 'excess' ‘^^Ar ever measured in a lunar sample, 
with a ^°Arg^i,/36Ar ratio of 4.8. 
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surface is broken and contains no zap pits {Twedell il. . 1978). 
PETROGRAPHIC DESCRIPTION 

The matrix is 50% off-white and 50% light gray in hand specimen. The white 
portions are surrounded by the gray, in general. Numerous small irregularly 
shaped vugs are in the white areas. No clasts of mare basalt are visible in 
hand specimen. Clast outlines are vague. Clasts include four 1 x 2 mm 
vitreous black grains, one 1 x 1 mm light yellow-green olivine, and one 
3 X 3 mm cloudy white plagioclase grain. 

Thin section 14309,4 reveals the rock to be a vesicular glassy matrix breccia 
with approximately 10% "glass" in the matrix. The vesicules range from as 
large as 1 mm x 0.6 mm to smaller than 0.5 mm. There are no crystals extend- 
ing into any of the voids. In addition, the matrix contains abundant mineral 
fragments and several portions of yellowish glassy spheres, many with reac- 
tion rims. There are some ill-defined lithic clasts (> 1 mm) of a "glassy" 

(5 - 10%) matrix breccia containing very fine crystallites. A few large 
plagioclase shards are also included in these clasts. 

The matrix is composed of approximately 30% lithic fragments and 70% 
mineral fragments. The lithic fragments, like the clasts, are of fine- 
grained breccia with occasional plagioclase shards. There are a few frag- 
ments of a crystalline nature, but distinct crystals could not be resolved. 
Most of the mineral fragments are pyroxene which are slightly shocked and 
some have shock-induced twinning. Several of the crystals show some reac- 
tion with the surrounding matrix. The plagioclase is fresh and shows little 
shock effects. 

There are scattered masses of yellowish brown glass with bubbles, swirls and 
flow lines. There is also a small amount of clear glass in the matrix. 
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Crystalline sample 14310 was collected during the second EVA at station G. 
The collection was not well documented — no lunar-surface photographs 
were made, and the orientation is known only from surface pitting. 

PHYSICAL CHARACTERISTICS 

Mass Dimensions 

3439.0 C| 19 X 14 X 11 cm 

This rock is a medium, gray, blocky melt rock, which is subrounded on the 
pitted sides. It is fine grained and homogeneous in mineralogy. 

SURFACE FEATURES 

This rock has a smooth surface and is densely pitted on the two sub- 
rounded faces. The other three faces are angular and show no evidence 
of previous microcrater bombardment. The zap pits range in size from 
0.1 mm to 4.0 mm, with approximately 90% of them glass-lined. There are 
estimated to be 20-50 pits per square centimeter on the pitted faces. 

There are two exfoliation fractures, one of which is parallel to the fresh 
surface. There are feldspar-lined vugs 0.5 - 2 mm in diameter covering 
'v. 1% of the surface of 14310. In large cavities, the feldspar appears to 
have a honeycomb texture, but in smaller cavities there are clear to gray 
feldspar crystals projecting into the vugs. 

PETROGRAPHIC DESCRIPTION 


The rock is composed of feldspar and pyroxene in approximately equal quan- 
tities. The feldspar occurs as both clear and turbid euhedral grains of 
0.3 mm size. Pyroxene occurs as turbid subhedral grains 0.2 - 0.3 mm in 
size. Traces of opaques with grains < 0.1 mm are also present. The rork is 
medium grained and very homogeneous in texture. 

In thin section (14310,5), the rock is seen to be composed of 31% pyroxene 
(mostly pigeonite), 68% plagioclase (''- Ango)* 0*5% opaques (ilmenite, 
chromite, ulvospinel, and troilite), and a trace of metal, with only 0.5% 
mesostasis. Reid and Melson (LSPET 1971) describe thin sections 14310,4; 
14310,5; 14310,6; as having intersertal to subophitic texture. Platy plagio- 
clase forms a framework, with individual crystals as long as 1 mm, and 
length/width of approximately 30. Pigeonite, possibly rimmed in places by 
augite, occurs in interstitial to subophitic to sheathlike grains. Discrete 
areas (as large as 500 ym across) consist of a felted aggregate of placio- 
clase (and minor alkali feldspar?) laths with a grain size noticeably smaller 
than the rest of the section. What can be described as a "cognate xenolith" 
consists of an area 3.3 x 1.5 mm, with the same phases as the remainder of 
the section, but with a noticeably finer grain size. It is this sort of 
area that suggests that basalt samples such as 14276 and 14310, for example, 
were melted during impact, rather than formed by the usual igneous processes. 
This is especially evident in thin section 14310,564 which contains a breccia 
clast enclosed L crystalline material. 
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metal (p„e as soherical droplet^) > (a h qh reller i™ I 
fnngent needles), and an otange-b™n mineral (as 

K;™r:.5tc;s55ts.s;r- s-" 


DISCUSSION 


eTa'i'^iriil-rsf^ 

T^2; and others):’ Howeverfif^as^L^L^^ 

be considered the "type sample" KREEP fMpvpr 10771 Tho ^ 

'lor^rafa^eact'minr; T lert^nr/ radio” 

grained subophitic to fine-grained inteJgranJ[ar Lnca?z aT nln^ 
present a large color photo-micrograph of the Litur^ 

??vsts®oi°nfi"- Of randomly Sriented laths (-'eoO ,m) . 

«h<ch 

nun 7 schreibersite-troilite, Ba-K feldspar, baddeleyite, tran- 

quillityite, Ca-phosphates and patches of above mentioned silica rich 
glass. However, in 14310 this glass is oftenVvUri??ed. 


Observation of a large number of thin sections (-v 30) of 14310 shows that 
there may be a range in the mineralogical mode (Ridley et al 1972) Such 

con? r^tta ’?231D^•^n;t=^ S '•“'’ 9 ^ iFnWial’annlyser 

and SPFT ?iQ 7 ii 2 ? ^ homogeneous rock. In addition, James (1973) 

as siaiw ct apparently cognate inclusions which are present 

as small clasts (2 mm across) made up of tightly intergrown plaqioclasp 
laths, as well as patches of silicate intergrowths which have sinnif? 
cantly coarser grain size than the rest of the roL sigmfi- 


14310, Brown and Peckett (1971) found that 
plagioclase phenocrysts were strongly zones to more sodic and DOtassic 

groundmass pla?1oclase 

oroDosprthS Jhl i as the phenocryst cores. In view of these date they 
proposed that the basaltic lava lost Na and K by volatilization from the"^ 
lunar surface during its crystallization. However Rid eret al Mq??! 
and Longhi (1972) observe that plagioc aT at s on^ 

are included within phenocryst rims and that there is Ltually rconsideJ 
able range in the composition of the laths. They conclSd^ nstead 
the alkali content varied locally „ithin the plagioclase network ?nd Itat 
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some phenocrysts nms actually grew later than i, 4 .u 

Sample 14310 is listed as a basalt by Wilshire nnH lart-cnn fia-rr,\ j 
a clast-free impact melt rock by SiLd e?\l/ ?977f 3a Sb 

clos?Ty-r«embl1ng sample 14276 
Qnd diffGr6nt from mar© basalts. Aqgs clustf ^ at 1 fiR + n nzi 

years ago on these samples, distinct from the a3e of^3 95°;°n S5 J3??- 

years before present, obtained on 14063 and 3 3Hs? from 14321 
tasslou and Wasserburg, 1971). ^ 14321 (Papanas- 
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14311/14308 


S-71-22900 


ORIGINAL PAGE IS 
OF POOR QUALITY, 




14311,93 


PAGE IS 
quality 


Dimensions 


20.0 X 12.5 X 9.1 cm 

which is broken into pieces along 
ints > 1 mm (< 5%) and the rock is 


This sample is a gray coherent i 
fractures. There are only a fei 
mostly (95%) crystalline matrix 

SURFACE FEATURES 


PETROGRAPHIC DESCRIPTION 

This fragmental polymict breccia consists of 5% clasts and 95% crystalline 
matrix. ^Mineral fragments and lithic clasts are present in subequal amounts. 
Some mineral fragments are as large as 5 mm and appear fresh. Plagioclase 
makes uo 70% of the mineral fragments. The other 30% is composed of olivine 
and a black mineral (probably ilmenite). Lithic fragments are 70% crystal- 
line rock fragments and 30% breccia fragments. Some lithic fragments grade 
into the matrix and it is probably derived from them. Most 
There is an intricate relationship between the vugs and the matrix. Tn® 
rock appears to be igneous in some respects, but the matrix has clast-like 
fragments. The single crystal clasts are large, fresh, and abundant. This 
rock is similar in binocular appearance to 14069. 

In an attempt to characterize the nature of sample iJ311, a selected group 
of thin sections with different parents were chosen for modal analysis of 

the i 1 mm clasts. 

A total of four thin sections were studied and the clast compositions noted. 
The samples examined with their proper parents designated ware: 



Sample 

14311,88 

14311,95 

14311,90 


14311,91 


Parent 


Dominant Clast ^ 1 mm 

Anorthositic breccia, basaltic rock, dark 
metaclastic, light metaclastic. 

Plagioclase shards, dark metaclastic, basaltic 
rock, light metaclastic, olivine crystals, 
anorthositic breccia. 

Dark metaclastic, anorthositic breccia, 
plagioclase shards. 


The results of this summary indicate that the predominate rock type in this 
generic is the dark metaclastic followed by (in order of decreasing abun- 
daUce) anorthositic breccia, light metaclastic, plagioclase, basalt and 

olivine crystals. 

DISCUSSION 

9nmnlp 14311 was investigated by Wilshire and Jackson (1972) and classified 
as 5 co!,e?eit TreSfwIth dark clasts and placed 1n their F4 category 
Warner (1972) lists it as a grade 5 metamorphic, and Chao_^^. (1972) 1 
14311 as an unshocked, strongly annealed. Fra Mauro 

a strongly annealed, Fra Mauro breccia. Quaide ^nd Wngley (1972) classify 
it awS anSed breccia. Von Engel hardt (1972) and Simonds ^ 

(1977) describe it as being glass poor with a crystalline matrix and a CMB, 

respectively. 
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Hart et a1 . (1972) list the exposure age of 14311 as 3.4 x 10® years using 
particle tracks, Morrison et (1972) point out that a ^ 

without microcraters was buried at the time of cTllection, and that the 
cratered surface represents a single exposure interval. The surface resi- 
dence time was calculated by them as being 4.5 x 10^ to 2 x lO^ years. 

Sample orientation of breccia 14311/14308 was determined by Horz ^ £L- 
(1972). 

Olivine clasts, with mantles formed by the reaction of the olivine with the 
breccia matrix, are noted by Cameron and Wisher 0975). They are also 
present in samples 14304 and 14319. Kesson (1975) attributed these reaction 
rims to metamorphism during burial in a hot ejecta blanket, using the breccia 
formation model of Warner (1972). Kesson believed, on the basis of her ex- 
perimental model, that reaction rims can be formed over a period of years. 

The sample's geneology and a photograph of the model is available on pages 
358-359. 
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Sample 14312 is a breccia collected from the top of Turtle Rock during EVA 2 
at Station H. Its lunar orientation and location were well documented. Tur- 
tle Rock is the largest of several boulders at Station 

on it were nicknamed "turtle eggs", and collected as samples 14312 and 14319. 


PHYSICAL CHARACTERISTICS 


This rock is a medium gray, coherent breccia which is partly covered with 
glass. 


SURFACE FEATURES 


iap pits are present on all sides of 14312 suggesting that was turned 
Dver after spalling off Turtle Rock or that it fell onto Turtle Rock from 
elsewhere (Swann et ^. , 1977). The zap pits are glass-lined and range 
from 0.1-4 mm in diameter. Many of the pits have white halos around them. 
Pit density is estimated to be 45 pits per square centimeter. The rock has 
both penetrative and non-penetrative fractures. Three sets of fractures 


Mass 


Dimensions 


299 g 





are filled with veinlets 
the surfaces of 14312. 


of dark brown, vesicular glass, similar to that on 
The glass coating covers half of two faces. 


PETROGRAPHIC DESCRIPTION 

This rock is a polymict breccia, with at least 80% of the fragments lithic 
in Lture, and less than 15 - 20% mineral fragments. Most lithic fragments 
are fine-grained and in some cases it is hard to distinguish the 
the matrix Angular lithic fragments are 60% medium gray material and 40% 
^eucSfral^c mSlal which occasionally contain white ff.dspar The ma nx 
is white to light gray with a brownish tinge. Thin section 14312,13 shows 
that the predominant 'lithic type is a fine-grained breccia with some included 
larger mineral fragments. The second most abundant type is a poorly organ- 
ized mixture of pyroxene and plagioclase. Many of the plagioclase crys 
in these fragments are distorted and bent. The section also reveals that 
the predominate type mineral fragment present is fresh to mildly shocked 
plagioclase shards. There is also a nearly equal amount of pyroxene frag- 
ments, some of which are quite large. 

In thin section approximately 30% of the area is composed of a dark, n’ne- 
grained material which contains abundant opaque grains. Some large to 
small areas of devitrified glass are also present. 

Mineral fragments are mostly plagioclase 0.5 - 2.5 mm in diameter, one large 
clast of which is shattered. Some light yellow and 

is also present with fragments ranging in size from 0.2 - 1 mm diameter. 

A trace of dark gray, angular, glass fragments is present with rounded to 
equant particles. The rock has been mapped by members of the Imbnum Con- 
sortium (1976) and by our recatalog team (Twedell ^ . 1978). 


DISCUSSION 


Sample 14312 was listed as Warner's (1972) grade 7, and as an F 4 by Wil shire 
and^ackson (1972). Chao et (1972) list it as a ^ 

annealed. Fra Mauro breccia (2c), and Simonds et (1977) describe it 
a crystalline matrix breccia (CMB). 


as 


Ryder and Bower (Imbrium Consortium, 1976) investigated the petrology of 
sample 14312 and mapped thin section 14312,14. They concluded that 14312 
was assembled from other polymict breccias at a high temperature. Injected 
melt phases, maskelynite, and shock mineral phases indicate that the 
assembly took place in the ejecta blanket produced by a major meteorite im- 
pact. 
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Breccia sample 14313 was collected during the second EVA at Station G1 , 150 m 
east of the LM, on the north rim crest of North Triplet Crater. It was 
placed in documented bag 27N. Its lunar location and orientation are well 
documented. 

PHYSICAL CHARACTERISTICS 


Mass Dimensions 

144 g 6 X 6 X 4 cm 

This is a medium light gray, coherent, fragmental breccia with a distinctive 
shape due to a prominent notch produced by spalling along two sets of frac- 
tures intersecting at an angle of 105°. 

SURFACE FEATURES 


All surfaces have a light to moderate density of glass-lined zap pits 
(20 - 30 per square centimeter). The pits range from 0.1 - 1.0 mm in dia- 
meter (see Twedell et , 1978). 

Sample 14313 is described by Morrison et al. (1972) as having large crater 
densities on all major surfaces. Its lunar orientation is well documented 
by lunar surface photography (Sutton et 1971). The tumbling history 
was investigated and is presented in diagrammatic form in the article by 
Morrison ^ (1972, p. 2776). 

There are two well defined fractures, one of which extends along the length 
of the rock. 

PETROGRAPHIC DESCRIPTION 


This sample is a polymict, fragmental breccia with clasts larger than 1 mm 
comprising 25 - 30% of the rock, and fine-grained matrix the other 70 - 75%. 

Thin section 14313,14 contains only about 10% lithic clasts (> 1 mm) with 
no mineral fragments that large. The clasts are angular to rounded rock frag- 
ments which appear to be mostly crystalline with well defined boundaries. 

The clast composition ranges from 20% feldspar and 80% olivine in mesocratic 
clasts to 80% feldspar and 20% olivine in leucocratic clasts. Intermediate 
clasts contain 5 percent pyroxene. The matrix appears to be 70% clear sub- 
hedral feldspar grains 0.5 mm in size and 30% pyroxene grains < 0.1 mm in 
size, with minor amounts of olivine of about 0.1 mm grain size. The matrix 
is texturally homogeneous but there are inhomogeneities in matrix mineralogy. 
There is approximately 30% brownish-yellow "glass" in the matrix. There are 
abundant glass spheres and masses of glass present along with a small amount 
of spinel. 

DISCUSSION 


Sample 14313 has been studied extensively by a consortium of nine labora- 
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torles. The mineralogy, petrology, and petrogenesis were investigated by 
Floran et a]_. (1972). Sample 14313 was described by them to be a coherent, 
polymict breccia with a complex history of comminution and reagglomeration. 
Five thin sections were examined: 14313,7; 14313,39; 14313,40; 14313,41; 

and 14313,42, but these originated from only two parents: 14313,7 came 

from 14313,3 and the parent of the others is 14313,35. The dominant clast 
types were listed as (1) noritic rock fragments, (2) monomineral ic fragments, 
(3) microbreccia clasts, and (4) glassy fragments including glass spherules. 
These glass spherules are described as chondrules and chondrule-like bodies 
by King et al. (1972). Mare-type basalt clasts are described as rare by 
Floran eFal. (1972). They found the matrix of the breccia to be composed 
primarily of fine particles of brownish glass. Varying degrees of shock 
damage to the clasts were observed, ranging from unshocked through shock- 
melted fragments. A sequence of four unrecrystal 1 i zed microbreccias was 
recognized and recrystallized clasts are also present. The abundance of 
micronorite clasts in 14313 are interpreted as an indication that noritic 
rocks were an important pre-Imbrian rock type in the Imbrium Basin area. 

14313 was assigned to Group I of Lindsay's classification. He estimated lO/o 
of the sample to be glass, most of which is colorless. Plagioclase and pyrox- 
ene are the dominant mineral phases. It was also described as a vitric matrix 
breccia (VMB) by Simonds ^ aj_. (1977), and as a regolith breccia by Quaide 
and Wrigley (1972). Chao ^ al. (1972) list it as a compact, nonporous, 
regolith microbreccia (lb). It is listed as an F 2 by Wil shire and Jackson 
(1972) and placed in Warner's (1972) lowest metamorphic grade facies (Group 
1 ). 

The sample’s geneology can be found on page 360 of this document. 
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14314 , 10 


Sample 14314 is a breccia sample collected during the second EVA at Station H 
It was collected from the fillet below Turtle Rock, 80 meters NW of the LM. 
The fillet slopes 2 - 3° to the flat regolith and has abundant rocks up to 
30 cm in size distributed in it. 


PHYSICAL CHARACTERISTICS 


Dimensions 


115. 7g 7x5x3 cm 

The rock is a friable breccia, medium to light gray on its fresh surface and 
dark brownish gray elsewhere. Approximately 40?4 of the surface is glass cov 
ered. 


SURFACE FEATURES 


Glass-lined pits range in size from smaller than 0.1 mm to 2 mm. There are 
approximately 60 pits per square centimeter except on the freshly broken 
surface (see also Twedell e^ a1_. , 1978). 






spaced. 

petrographic description 

sample H314 is a.poly^ict breccia «hich^1s ,’“*t'r„d°SMray 

material and p^wp percent of the rock is composed of mineral 

fragments smaller than 1 mm. an^ents consist of white to clear 

fragments larger than nlivine and clear cinnamon-brown pyroxene, 

plagioclase, pale greenish lithic fragments, 

Sine percent of the boundaries Tr^ indistinct suggesting 

shLk^effeas!"^ngS^ dark brown to black ^^^Se^m^triS is I 

mgLrsInd s^aii lithic shards with very little 
dark, fine-grained material. 

Thip section 14314.10,shows an abundance f ^hi9hly^f^°cked,^large, pyroxene 
fragments and clasts '"!®''‘^’®?®'^/.,i,5g.rich cumulate and numerous types of 
"ffnlgr^S^^d^rcclfs' 'Ih^r'e^fr^-^lfvtnrfrarns in the cumulates and ,n 
many of the pyroxene and plagioclase grains. 

DISCUSSION 

Wilshire and Jackson (1972) "4* L^timfrpfilf calego^r^ 

clasts), Warner ( 3^2 P aces U in h^a high grade 

(7), and Chao £t ai- (1972) (19I71 Hst it in their CMB categop. 

Fra Mauro breccia. Simonds |I- U > (-,972) describe 

In their analysis of ’rietv of clasts including mineral 

sample 14314.13 as containing a w de «riety 

LlaU1c'co:pS:i«on!*;nc^osing smaller amounts of potassic granite. 
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Sample 14315 is a breccia collected from Station H (North Boulder Field) 
during EVA 2 . Its lunar location is documented as being 15 m SE of Turtle 
Rock and 70 m NW of the LM, but the lunar orientation is tentative. It was 
returned in weigh bag 1038. 


PHYSICAL CHARACTERISTICS 


Dimensions 
3 X 6 X 6 cm 


115 . g 3x6x6 cm 

This coherent, gray breccia has a rounded surface and an angular flat under- 
side. 

SURFACE FEATURES 

Glass-lined zap pits cover the rounded surface more densely than the flat 
surface, with 30 pits per square centimeter. The pits range in size from 
less than 0.1 to 2 mm. 

There are two fracture sets orthogonal to each other, with three fractures 
in one set and one in another. 

PETROGRAPHIC DESCRIPTION 

This sample consists of 20 % fragments less than 1 mm and 80% fragments larger 
than 1 mm. Seventy percent of the rock consists of lithic fragments greater 
than 0.1 mm which are entirely leucocratic and white. Two fragments of 
plagioclase rich material about 5 mm in size can be seen on the rounded sur- 
face. A prominent set of planar laminae of dark black glass 0.02 mm thick, 
about 2 mm long, and spaces 2 - 5 mm apart is an unusual feature of this rock. 
The glass laminae transect some grains but go around others. 

Thin section 14315,7 is very unusual in that the rock displays an interlocking 
mixture of mostly rounded, partly to nearly totally devitrified glass bodies, 
abundant chondrule-1 i ke bodies and scattered larger, highly shocked mineral 
and lithic fragments. The main lithic type present is microbreccia with 
either a very fine-grained matrix to a holocrystal 1 ine matrix. Many of the 
mineral fragments have been shocked to an extent that they are now very 
"glassy". The material cementing the fragments together is a reddish-brown, 
fine-grained material which shows a discontinuous pattern. One quarter of 
the section is a leucocratic clast which is in sharp contact with the other 
parts of the section. 

DISCUSSION 

Wilshire and Jackson (1972) describe sample 14315 as a coherent breccia with 
light clasts (F 2 ). Warner il972) places it in his metamorphic grade 3, and 
Chao et (1972) list it as a spherule-rich, transported microbreccia (3). 
Simonds et al. (1977) classify rock 14315 as a VMB. 


Nplen et aT . (1972) describe.saipple 14315 as dense, pU glassy matrix 

with chondrules consisting a^fdevitrified. Analyses 

and glass spherules Tlow (< 10%) i'^on content. One large 

of the glasses reveal them as having a luw \ ouartz-K-feldspar inter- 
fragment (2 X 6 nrni) observed. Most of the 

Growth and a large rounded . Igcg however. Dence and 

«era described b ;v devitrified glasses 

Plant (1972) also observed many cnonaiuie i ^._,r 
ol feldspathic basalt composition in sample 14315. 
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14316 , 5 


4 






.1mm 


Sample 14316 is a breccia collected at station H during EVA 2. It has not 

in lunar surface photographs, so its exact lunar location and 
orientation are unknown. It was returned in weigh bag 1038. 


PHYSICAL CHARACTERISTir?^ 


Mass 


Dimensions 


38.2 g 


4.5 X 3.0 X 1.5 cm 


This rock is a medium gray, inhomogeneous, fragmental 
face. There is a predominance of leucocratic clasts. 


breccia with one flat 


SURFACE FEATURES 


The rock has an irregular surface with less than 2 % glass cover. Three sur- 
aces of the rock are pitted, and the rounded surface is covered with qlass- 

ra!lnp f ^ i^-20 pits per square centimeter. The pits 

range from 0.25-1 mm in size. There is glass but no zap pits 
surface (see also Twedell et al., 1978). 


on 


pi 

the flat 


Two sets of planar fractures cut the rock. The two members of the first set 
are spaced 6 mm apart. One of these cuts across both matrix and clasts. 


9 




Both fracture surfaces are glass splattered. The second fracture set appears 
fresh and irregular. 

PETROGRAPHIC DESCRIPTION 

The grain size ranges from 0.1 mm to 0.2 mm, and is inhomogeneous. The rock 
is polymict with 20% fragments greater than 1 mm and 80% matrix. The clasts 
are leucocratic, and consist of two types: 

1. Fine grained microbreccia with leucocratic clasts and angular 
feldspar in a fine grained racrystallized matrix. 

2. Clasts with pyroxene and plagioclase in varying proportions. 

These measure up to 1.0 cm in size and have subrounded, very 
irregular scalloped shapes with sharp outlines. These are 
the dominant clasts in 14316. 

The matrix consists of -v 30% very small leucocratic fragments, <1% brown 
pyroxene, yellow green olivine {?), and -v 70% light gray material. There 
are numerous small spherical to irregular glass masses, "^any of which are 
partly devitrified, scattered through the matrix. Only about of the 
matrix is the fine-grained dark gray material. The matrix appears to be at 
least partly recrystallized. 

Thin section 14316,5 is somewhat reminiscent of 14315,7 in that the rock con- 
sists of an interlocking mixture of mineral and lithic fragments cemented 
together by a brownish "glassy" material. The fragments are much less re- 
solved than in 14315,7 and there are fewer chondrule-like bodies and devitri- 
fied glass masses. There is one large <"eddish-pink spinel crystal surr^^^ 
by opaque grains and a "halo" of finely crystallized material. Smaller masses 
of spinel are scattered throughout the section. 


DISCUSSION 

Sample 14316 was placed in their F 2 category by Wilshire and Jackson (1972) 
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Breccia sanjple 14317 was collected at station H during the second EVA but has 
not been identified in the North Boulder Field photographs, so its lunar 
location is tentative, and lunar orientation, unknown. It was returned in 
weigh bag 1038. 


PHYSICAL CHARACTERISTirS 


16.1 g 


Dimensions 
3.0 X 2.5 X 1.5 cm 


This rock is a medium gray, coherent breccia. 

SURFACE FEATURES 

The pitted surface has a density of approximately 20 pits per square centi- 
meter. The pits vary from 0.1 mm to 0.2 mm in size. 

PETROGRAPHIC DESCRIPTION 

This rock consists of 90% matrix smaller than 1 mm and 10% clasts larger 
than mm. The matrix is very fine grained and homogeneous. The clasts are 
very leucocratic and probably are composed of plagioclase. 

Examination of section 14317,4 reveals the sample to be breccia with approxi- 
glassy material in the matrix (< 1 mm). There are very few 
lithic fragments present in the section. Lithic fragments are all of a very 
fine grained microbreccia. There are also several larger masses of an opa- 
que material present. Most of the fragments in the matrix are highly de- 
formed pyroxene crystals, many of which are rounded. There are abundant 
small crystallites in the matrix. One small fragment of a basalt which has 
been shocked with highly deformed pyroxene and plagioclase was observed. 

There are a few small anhedral olivine crystals in some of the pyroxene' 

^ masses are scattered throughout the section and many 

have dendritic crystals in them. 

DISCUSSION 

Sample 14317 was placed in the F 2 category of Wilshire and Jackson (1972). 
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14318, 45 



.1mm 


Breccia sample 14318 was collected from the regolith near the south end of 
NorthBoulder Field at station H during the second EVA. It was returned 
in weigh bag 1038. Sample 14318 is one of the specimens chosen for study 
bythe Imbrium Consortium, who received 14318,0. A complete set of matched 
thin sections, across the entire specimen was made by the Consortium 
(1976), and their findings are included in this description. 

PHYSICAL CHARACT E RISTICS 

Mass Dimensions 

600.2 g 11 .4 X 7.8 x 5.3 cm 

This sample is a very coherent, gray, polymict breccia consisting of light 
gray clasts in a medium gray matrix. 

SURFACE FEATURES 


The sample ir. densely pitted on all surfaces, with pits ronging from < 0.1 
to 2 mm in diameter. Pit density is 60 pits per sguare centimeter. More 
than 90% of the pits are glass lined. 


o 
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The rock is cut by three sets of mutuany orthogonal planar fractures 
Two sets have 0.1 mm thick black vesicular glass filling the fractures 
and surface of the third fracture set is not visibTe^ Many sLl? 
veins of glass diverge from the fracture plane and extend into the matrix. 

PETROGRAPHIC DESCRIPTION 


Clasts larger than 1 
types are pure white 
green olivine-rich s 
. 1972, 1974), 
appearance, the hand 
and shapes, is said 
Consortium, 1976). 
and 1% pink pyroxene 
of the clasts pieces 


mm make upat least 20% of the volume. Three clast 
or gray-white plagioclase rich fragments, apple- 
pheres_ (chondrules) (see King^al., 1972; Kurat 
and light yellow-brown "basaltic" fragments. In 
specimen, with its range of clast sizes, colors 
to be reminiscent of the Allende meteorite (Imbrium 
The matrix consists of feldspar, with 5% olivine 
This is ahighly complex fragmental rock with 50% 
of crystalline rocks and 50% leucocratic microbreccia, 


described by the Imbrium Consortium (on 
rnitnH coherent, low porosity polymict breccia which is 

droi Pi-J a grayish-green glass containing numerous micron-sized 

droplets. This is the glass filling some of the fractures in the rock 
The grain size ranges continuously from > 1 um to at least 7 mm. Clasts 
larger than 1 mm account for 30% (Wilshire and Jackson, 1972) to 50" 

(Warner, 1972 of individual thin sections. As noted by Warner (1972) 

ThP exhibit a faint alignment. 

The matrix (consisting of crystal, rock, and glass fragments less than an 
in dimension) is tightly welded togethe?, but not recrys- 
tallized to any significant extent. Glass fragments as small as a few 
microns are not devitrified and some glass and crystal fragments are 
angular. However, many other grain boundaries are diffuse and there 

snail amount of glass that appears to help cement the rock together 

amoeboid in shape (see Kurat et aK, 197^ 

?n S w petrographically identical to theTr5(7n glass 

in glas, -welded aggregates, or agglutinates. The matrix texture places 
the rock in Warner's (1972) group 3. ^ 

Kurat ^ al_. (1974) attached special importance to the presence of raoidlv 
crystallized spherules, or chondrules, and to the overall ?ex?ural s?nn'- 

polymict, brecciated chondritic meteoritL Al- 
thoughthey recognized that chondrites and lunar rocks differ markedly in 
composition, Kurat et argued that impact processes played central roles 

chondrites. Chao ^ al_- (^972) also con- 
sidered the presence of spherules of glass, devitrified glass, and chondrules 

mic?obre?cia''“ classified 14318 as a "spherule-rich, transported 
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Kurat et^^. (1972, 1974) measured the chemical compositions of lithic frag- 
ments, glasses, and chondrules in 14318, but did not ascertain their relative 
abundances. To obtain abundance data, the Imbrium Consortium (^. cit. , 

1976) made a modal analysis of one thin section, took a census of all frag- 
ments larger than 1 mm in two sections, and compiled another census of 
particles between 0.2 and 1.0 mm diam., in randomly selected regions of 
one section. The following discussion is a summary of their results: 

Lithic fragments are of the same varieties as found in the Apollo 14 soils 
(e.g., Taylor ^ al., 1972) and other breccias (e.g., Chao ^£L-, 1972). 

Most have KREEP chemistry and are breccias, recrystallized to varying 
degrees. Some are clearly polymict. Lithic fragments were classified as 
■•'ollows: recrystallized noritic breccias , in which the matrix is fine- 

grained and unmelted; partially melted noritic breccias, characterized 
by igneous- textured matrices; granulitic noritic breccias, with coarsely- 
crystalline, equant matrices. Nonmare basalts, some of which could be 
total impact melts; mare-like basalts , which are distinguished from non- 
mare basalts by higher contents of mafic silicates and ilmenite; anortho- 
sitic (or ANT) rocks; and others , (ultramafic rocks, graphic intergrowths 
of quartz and alkali-feldspar, and coarse-grained, unbrecciated noritic 
fragments). All but the last three categories are chemically equivalent 
to KREEP. 

Glasses are also of the same types as found in soils. They were classified 
into the following groups: homogeneous glass , almost all of which were 

pale yellow to bright yellow; ropy , or suevite-like glass that contains 
crystallites and mineral fragments; brown, swirly, aggl utini tic-1 ike glass ; 
and devitrified glass. Chondrules were placed in a separate category, as 
were mineral fragments . 

The modal analysis, incorporating both clasts and matrix, was done on 
section 14318,48, using a magnification of 80x. An area of about 6 cm^ 
was scanned and 4,847 points were counted. Results are as follows: 


Lithic fragments 
Mineral fragments 
Homogeneous glass 
Suevite-Tike glass 
Brown, swirly glass 
Devitrified glass 
Chondrules 


59.6% 

14.7% 

3.0% 

5.9% 

10 . 2 % 


100 . 0 % 


Compared to Apollo 14 breccias that are obvious soil breccias, such as 
14047 and 14055, rock 14318 is much richer in lithic fragments (60% vs. 

'''10%) and poorer in brown, swirly matrix glass (10% vs. 50%). Nevertheless, 
the same constituents normally found in lunar soils are present. Perhaps 
14318 was made from a relatively immature soil. 







w1th''thoIlregorterb^ 

As noted above, It is possible that 14318 was formed from an it^i^atu^^^^ 

petrographic discussion of sample 14318 is from Interdisci- ' 
Studi es by the Imbrium Consortium , volume 1 , pp, 67-6977 — ^ ^ — ~ 


DISCUSSION 


0^?!^ F2> Wilshire and Jackson ■(1972) because 

i abundant leucocratic clasts Warner rtQ7?V ^ccTrinQ/^ 

It to hfs medium metamorphic grade 3. and Chafet al (1972 

his spherule-Mch group h). Quaide and WrigleFfW? L? ft a>eioI Eh 
breccia, and vOn EnaeiharHt ai- /io7o\ ‘ ^ regoiith 


breccia, and von Engelhardt ^ a]: . (1972) place it in their q LLH?h 
regolith breccia category. Simonds j^ al_. (1977) list it as\ VMB. 


This rock has been studied extensively by Kurat et al Il972 19741 

(1972). and ifnally stuHTe^y^ihe imb?i2I’con- 
?44 PiTro fissionogenic xenon derived from extinct 










S-71-29185 



14319 , 19 


9m 

; 'tIM 


rM:H 

^ V o’ • 



mi ?■ 








("tui-tle egg"). ^Thfs sample 3^*11 afllT? 

Rock at station H during the skSe? 1 col acted from Tu-tle 

Its lunar orientation and location ha!e h=l *" ’'^*5'’ '°38’ 

to be similar to Turtle Rock ai?d the othe? ?oS 1n°thfa^Il• ” 


PHYSICAL CHARACTERISTI G.S 


Mass 

211.6 g 


Dimensions 
8 X 5.5 X 3.9 cm 


a™"r2unded'l^*ttfZr|fde“^ on one side 

SURFACE FEATURF.9 

«1e?e^' «1th''gla«l >?ts^^anoVfro^o^“^°"n Portly 

about 0.5 mm. The glass is dark hrm.°‘- diameter, averaging 

0.5 - 1.0 mm thick mating! = 

2!c^^i!e%!aii?: zrzz 

petrographic description 

be1ng’'!l?h?c°’S'for!,^t-o1eX°a ’ - 

common clast type (901) is medium da^k ^^av 'Lnf "^o^t 

to rounded, crystalline granular microbreccia^^^Tr^ elonpte, subangular 
raents consist of 50% medium gray feldspar 45 % 

laths, yellow-green olivine and rinnaSnn’h!£^ ^ ^ ^ colorless feldspar 
10% of the lithic clasts are smairo - ^mml Approximately 

composed of colorless feldt:nar linhf- k ^ crystalline basalt fragments 

One large feldspar “aomen!^^^^^ ^1°"" and black opaques, 

margins ■ The malrixTSde up of 

sample is a gray-green, fraameht Tadon mo?! the PET (1971) indicates that thi 
sitic, norltic/and prIdoStSv bJe^ basaltic, anortho- 

of minerals and glass. Minerals'^inriMdl^f^®^^^’ fragments 

and plagioclase, with plagioclase the mainr^nhsc’ minerals, 

minor phase, and there arf a a Lu present. Olivine is a 

observed. Some devitrification of spinel fragments 

as a growth of very small euhedraf present has occurred, mainly 

pyroxenes were not^oSved^ crystals. Large "poikilitic^ 


partly devitrlfied^Sgment'*^U^ clasts which are not glassy or 

naturl One relativetHaJa^ anorthositic In 

The dominant Igneous cfas^is 14319,2. 

"felted" textu?e, or arfmiJ^odab^ either of ^ 

s^ondany. Thesi norit?c cfastf conJain moSip f 

clasts, and do not usually contli^ Si basaltic 

rounded, metal grains, or afiJrequU small, 

described the opaques Jn 14319^ («-SPET, I971) 

chrome spinel, ulvosptneT, and zircon TrSim^^^ 

occurring as fine rounded to suhrnrmHlri u J abundant, 

gates of grains as large as 80 pm. larger aggre- 

discussion 

dart clasts) by 

(1972). Chag et a?" (I97I) "drner 

Fra Mauro breccia“T 2 c). Simonds et'^al shocked, 

matrix breccia. Simonas (1977) list it as a crystalline 

of\ll?|®clSsionl? ftSnd''ev1deSc^ “d’’'' =‘"dj 

thennal history. ^ evidence that the sample had a complex 
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14320 , 7 
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Dimensions 
5.5 X 5.0 X 2.5 cm 


This breccia was collected from North Boulder Field from station H during 
EVA 2. The sample has not been Identified in lunar surface photographs so 
the limar location is only tentative and the lunar orientation is unknown. 
Sample 14320 was returned in weigh bag 1038. 

PHYSICAL CHARACTERISTICS 

Mass : 

64;9 g 

This is a medium gray » coherent, polymict breccia. 

SURFACE FEATURES 

Rlaq«;-lined zao pits are evenly distributed on all sides of the rock with a 
dlnsiti 2f 20 pits per square centimeter. The pits range ,n 

size from less than 0.1 mm to 2 mm. 

There are two orthogonal sets of planar fractures parallel to the W and the 
B faces of the sample. 

PETROGRAPHIC DESCRIPTION 

This polymict breccia has 10% clasts larger than 1 'll"! 

than 1 mm. There are both mesocratic and leucocratic fragments. The 

bulk of the rock is composed of angular and roughly equant fragments of 
aphanitic material set in a lighter gray to white groundmass. 

A thin, irregular vein of dark brown vesicular glass fills one small crack. 

This sample appears similar to 14321 in hand specimen and in thin section. 

Thin section 14320,7 has approximately 25% clasts 

matrix has a salt and pepper appearance with very fine white and dark _ 
arains Aporoximately^l0% of the rock is white feldspar fragments ranging 
dS to iS than 0.1 mm In size. Trace amounts of 

Dale greenish-yellow material, deep red translucent rutile, and a ulaca 
Soaeurmlnerali The llthic clasts present In 14320,7 are of a dark and 
V?ghf breccia with abundant mineral fragments. Many of the fragments are 
tofLall for Identification. Those that are large enough jre pyroxene, 
olivine and plagloclase with minor opaques. The matrix contains 10-15% 
of a fine-grained dark material which includes small opaque fragments. 

DISCUSSION 

sample 14320 was placed in the Fh category of Wilshire snd_0ackson J1972) 
and is described as coherent with dark clasts. Warner (1972) placed it in 
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his metamorphic grade 6/and Chao^^. (1972) list it as a shocked, strongly 
annealed, Fra Mauro breccia (2c). Quaide and Wrigley (1972) list it as an 
annealed breccia, and von Engel hardt ^ al_. (1972) classify it as glass poor 
with a crystalline matrix. Simonds (1977) classify it as a crystal- 

line matrix breccia (CMB). 

It is described by Roedder and Weiblen (1972) as having had a complex thermal 
history. Some of the parent rocks were said to have undergone slow cooling. 
Potassium enriched clasts were observed in this sample, as in 14303, 14319, 
and 14321. 
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14321, 240 


Bertha) is the largest sample returned 
mole is the third largest sample 
This breccia was collected during the second 
nf Cone Crater. A voice transcript made dur- 
^ more detailed discussion of the lunar envi- 
Sarsurvey Professional Paper 880 (Swann 
returned in bag 1038. 

the apparently dominant rock type in the 
is a moderately well -indurated 
Sts are set in a lighter matrix. The rela 
If. ^uaaests that it is probably representa- 


Lunar sample 14321 (also known as Big 
during the Apollo 14 mission. T 
returned by any Apollo mission. 

EVA at station Cl, near the rim 
ing the collection, as well as a 
ronment can be found in Geologic 
et ^., 1977). The sample was 1 

This large sample is typical of 
Cone Crater ejecta blanket, it 
in which predominately dark cl a. 
tive abundance of this rock typ< 
tive of the Fra Mauro Formation 

PHYSICAL CHARACTERISTICS, 


Dimensions 


23 X 23 X 17 cm 

d, moderately coherent polymict 
with patches of black and white 


This rock 
breccia. 






SURFACE FEATURES 


Pit diameters vary from 0.1 to 5 mm with an average size of 1 mm. Glass 
lining of the pits consists of dark brown to black vesicular glass. Pits 
cover approximately 5% of the entire rock surface. 

Cube shaped to rounded clast molds which range from 0.5 to 20 mm in length 
occur on 5% of the surface and occur in clusters along broken surfaces. 

There are two sets of fractures present, one of which parallels the rock 
surface. The second set has a random orientation, including fracturing 
around clasts which are ready to break out of the matrix. 

PETROGRAPHIC DESCRIPTION 

Before the rock was cut and distributed, a map was made of its surface by 
Warner and Heiken (1972). 

Warner and Heiken (1972) were able to map four lithologic types: 

I. Dark gray breccia with an olive hue. The microbreccia matrix is 
fine grained and contains feldspathic lithic clasts and powdery, 
white feldspar fragments up to 2 cm long with an average length 
of 1-2 mm. 

II. Medium gray breccia - very fine grained, friable, fractured. 

III. White, feldspar-rich somewhat friable breccia - matrix. 

IV. Feldspar-rich basalts. 

;j Petrographic descriptions and an excellent discussion of the lithification 
processes and genesis of sample 14321 can be found in articles by Duncan 
et al_. (1975) and Grieve ^al_. (1975). 

DISCUSSION 

The polymict character of this and many other breccias makes it especially 
interesting to study, because it is possible to place the various clasts 
into a relative time sequence. A series of brecciation and lithification 
events are preserved in the three or four generations of mic. .j«i>reccia con- 
tained in this rock. 

Duncan et (1975) have unraveled the events leading to the lithification 
of rock 14321. They observe two distinct episodes of thermal metamorphism. 
The first affected their lA components producing well developed recrystalli 
zation textures lacked by their IB lithic components, mineral clasts and 
dark matrix. The latter contain evidence of a less severe thermal event. 
One or more impact events can also be shown to have occurred leading to 
the following partial schematic history: 
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1 . Serinitatis impact produces ejecta blanket over Imbrium area. 

2. KREEP basalts are extruded, followed by lesser amounts of Apollo 14 
type mare basalts. 

3. Impacts on south Imbrium region form early (group 1) breccia stages. 

4. Imbrium Impact forms Fra Mauro ejecta - creates microbreccias 2 and 3. 

5. Extrusion of 14321 - type basalt and additional Apollo 14 type mare 
basalt on the Fra Mauro Formation and adjacent areas. 

6. Impact events - final assembly of 14321. 

7. Cone Crater Impact excavates 14321. 


In their petrographic study of 14321, Grieve |t il. (1975) found ^ 
composed of basaltic clasts, a set of fragmental clasts which they desig- 
nated as microbreccia 3, and a light matrix cementing these two groups. 
Their microbreccia 3, itself polymict, corresponds to lithology I of 
Warner and Heiken (1972). Lithology II was not present on the samples 
sent ot Grieve and his co-workers and was, therefore, not described by 
them. 


Other authors have also discussed the clastic nature of 14321 . Swann ^ al. 
(1972) delineated a big clast within Big Bertha. Mark e;t al. (1975) found 
that while the basalt clasts had equilibrated at 4.0 b.y. ago, two micro- 
breccia clasts Indicate lack of complete equilibration at that time. This 
heterogeneity is used to demonstrate an inconsistency with thermal meta- 
morphism of the sample. 

Chao et al. (1972) describe 14321 as having a moderately coherent, white, 
felds^tlvTc matrix that contains two main fragment types: ophi tic mare basalt 

(like 14053), and fragment- laden extremely fine grained, annealed black glass. 
The latter probably corresponds to Grieve' s microbreccia 3. The complex _ 
nature of this breccia is a result of mixing several generations of breccia 
precursors to form this rock. 

A photograph of the model of sample 14321 is on page 361 of this document. 
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The bulk sample was collected during the first EVA from the LM area, between 
the LM and the ALSEP site. The exact lunar location is unknown, but it is 
thought that the site is visible in photographs taken from the LM window 
(Swann et aL. , 1977). From the astronauts' comments, it appears that they 
removed two shovelfuls of material from the bottom of a small crater in the 
LM area. The bulk sample includes samples 14160 - 14163 and 14422 - 14453. 
Samples 14425 - 14453 are those fragments in the bulk sample which did not 
pass through a 1 cm sieve. The bulk sample was placed in weigh bag 1028 
and returned in ALSRC 1007. 


4 
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14425 


PHYSICAL CHARACTERISTICS 


Mass 


Dimensions 


4 



0.794 g 0.8 cm (spherical diameter) 

Sample 14425 is a large, black glass sphere. 

SURFACE FEATURES 

The surface is 3-5% covered with spherical sections of bright gray metal. 
Some are hemispherical. These globules vary in size from very small up to 
0.5 mm. Both metal and glass surfaces are uniformly covered with very small 
pits which are likely to be endogenic in origin. 

PETROGRAPHIC DESCRIPTION 

This large glass sphere appears non-uniform in color in reflected light, 
with color varying from near black to brownish gray, but is dark brown when 
light is transmitted through an edge. In some places color contacts appear 
sharp, but in others, they are gradational. 








14426 


S-71-26791 


PHYSICAL CHARACTERISTIC 


Dimensions 

'icofi 0.5x1. 0x1.0 cm 

' ^ 0.5 X 0.5 X 1.0 cm 

This sample is a polymict breccia which is broken into two pieces which are 
similar. The larger of the two is described herein. 

SURFACE FEATUR ES 

Unlined pits ranging in size from 0.5 - 2.0 mm are scattered 'n exposed sur 
faces with a pit density of two to five pits per square centimeter. The 
sample is smoSlh on old surfaces, but irregular on new ones. Two very ir- 
regular fractures from two sets occur. 

Shock features are visible in feldspar-rich clasts. Some clasts appear ves 
cular, indicating partial melting, and there is abundant plastic deformatu 

ROCK DESCRIPTION 

The sample is a friable, fine grained, polymict breccia with textural and 





mineral ogic homogeniety. 

Five percent of the fragments are clasts larger than 1 mm and 95% are matrix 
grains. Mineral fragments account for 80% of the sample. Dark brown or 
black glass fragments make up the remaining 20% of the rock. 

The main Gonstituents are white clasts (feldspar). Two clasts are definitely 
lithic for there are associated pyroxene and/or opaque minerals. Black glass 
fragments are dense and angular. Brown glass fragments are partially vesi- 
cular inclusions with smooth surfaces, but irregular and jagged in overall 
■■ of the clasts is larger than 2 mm. 








S-71-25188 




PH YSICAL CHARACTER I ST Tr<; 


4.47 g 


Dimensions 
1*7 X 1.2 X 1.1 cm 


I'illkZlV" " '■“'k composed of whUe feldspar and 

SURFACE FEATI1RF9 

f1ve^memg:S spIceT?™ a™ar‘t'^?rJr?ented“"p\?a1ferto onl ?far?ac‘e'o1 ?he“ 
PETROGRAPHIC PESCRTPTTnN 
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14428 


14428, 2 





PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.47 g : T.5 x T.Z x 0.6 cm 

Sample 14428 is a vesicular breccia with a crystalline matrix. 
SURFACE FEATURES 


There are no zap pits or fractures visible on the surface. The sample has 
: elliptical vesicles which 0.5 mit in dianieterj and irregularly shaped 
vugs ranging from 0.1 mm to 0.3 mm in size. The vugs appear in zones on 
one side of the rock. Clear crystals line vug walls. 

PETROGRAPHIC DESCRIPTION^^ ^^^^^^^^^ - ^ 

Sample 14428 is a holocrystaHine breccia. Large grains could be clasts. 
Less than 1% of the sample consists of grains larger than 1 mm. There are 
fragments of anhedral , cinnamon brown pyroxene (0.5 mm in size) present 
in the sample. In binocular view, the matrix appears to be composed of: 

1 . Clear, subhedral, medium gray pyroxene 0.1 mm in size (55%). 

2. Clear, subhedral plagioclase 0.1 mm in size (44%), 

3. Subhedral opaque minerals in grains 0.05 mm in size (< 1%). 

Examination of thin section 14428,2 reveals the sample to be a vesicular 
CMB, according to the classification of Simonds et^. (1977). The thin 
section has a glass coating on one edge. Vesicles are 0.1 - 0.2 mm in 
diameter, and are ovoid to nearly circular in shape. Small euhedral to 
subhedral erystal s (pyroxene? ) extend i nto voi ds . Approximately 1 0% 
of the section is comprised of voids due to vesicles. 

The thin section contains no fragments larger than 1 mm, and the largest 
fragments are plagioclase crystals which are partly granulated. A small 
amount of devitrified glass is present. Mineral fragments include 60% 
plagioclase and 40% pyroxene. Many of these crystals are highly included 
and reaction rims are present on many of the pyroxene crystals. The 
sample has a seriate texture, with grain size averaging less than 0.1 mm. 




14429 


ORIGINAL PAGE IS 
OF POOR QUALITY 


14429, 2 






PHYSICAL CHARACTERISES 


3,03 g 


Dimensions 
1.5 X 1.4 X 0.5 cm 


Sample 14429 is a slightly vesicular polymict breccia similar to 1 4428 . 
SURFACE FEATURES : - 



Remnants of glass lined zap pits 0.5 mm in diameter are present but sparse. 
No fractures or vugs are present. Vesicles are small (0.1 mm) and are 
ovoid to nearly circular in shape. 

PETROGRAPHIC DESCRIPTION 

In hand speeimenj sample T442R is fine grained with grains averaging < 0.1 
mm in size. It is homogeneous in texture and mineralogy. The rock is 
almost wholly crystalline with < 1% pale yellow-green olivine (< 1 tiim in 
size), < 1% prisms of pale reddish jrown pyroxene (0.2 mm in size), 2 - 3 % 
tubular grains of colorless to light gray plagioclase (< 0.1 mm in size). 
The olivine on the exposed surface is discolored. ■ 

Fragments of feldspar are colorless to light gray and are associated with 
opaques and reddish brown pyroxene. A small percentage of colorless anU 
dark brown angular glass fragments is present. Colorless fragments are 
< 1 mm in size. Dark shiny glass spheres are present in the matrix. 

Thin section 14429,2 reveals the sample to be a vesicular CMB (using the 
classification system of Simonds et. , 1977) with few fragments larger 
than 1 mm. One large, highly modified, plagioclase crystal is present. 

One tvyin plane remains, along with discordant crystal sections set in a 
large, more or less single, crystal.. Minor opaque minerals are visible 
in the crystal, also. A polymict breccia clast larger than 1 nm is com- 
posed of coarse grains of highly shocked pyroxene crystals. These show 
exsolution lamellae and exhibit a slight bending of the crystal. Larger 
crystals within the microbreccia are cemented by a seriate mixture of 
simi lar pyroxene crystal s and possibly some pi agi oclase . All are hi ghly 
modified. Several "ghost clasts" occur in the section. These have a 
texture and composition similar to that of the overall sample, but the 
contact is marked by an increase in aligned mineral fragments. 

Other lithic fragments include an ol i vi ne-pyroxene-pl agi oclase granul ite 
fragment, a granul i tic plagioclase-rich rock fragment and a fine grained 
polymict breccia. 

Mineral fragments visible in thin section 14429,2 include 60-70% plagio- 
clase, pyroxene, and very minor spinel (up to 0.1 mm in size). Pyroxene 
crystals have reaction rings. 



This section is similar to section 14428,2 except that lithic fragments are 
present in 14429,2. The average grain size is less than 0.2 mm. Minor 
olivine is present in the matrix. 
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14430 


PHYSICAL CHARACTERISTICS 


Dimensions 


ith 20% clasts larger than 1 mm. One 
s up 15% of the rock. Another feldspar 
first exhibits twinning and exsolution 
brownish tint and possible opaque in- 



elusions . It appears to be cracked ; Leucocrati c lithic fragments from 
crystalline rocks are of the sample. One slabbys angular clast 
(1.3 X 3.0 iM in size) is porphyritic, with a very filie grained groundniass 
with "[% grains of possible olivine. 
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PHYSICAL l-HAMCTERISTICS 

Dimensions 

9 1.2 X 0.8 eni 

Sample 14431 is a light gna^v* crystalline rock, 

SURFACE FEATORgS 

There ai'e no pits* fractures » surface glass, or cavities present Appsq nf 
crushed end granulated «hite plagieclase in’cLtemarL'^stoe" indSild! 

PETRQSDAPHIC DESCRIPTION 

In ham! specimen* sample 14431 is a fine grained (av. 0.05 nia), eauiaranular 
crystalline rock with both textual and mineralogic homogeneity, It'is ’ 
Tel dspar^rich with less tljan 10'^ brown pyroxene and opaque minerals Grav 
and white feldspar grains nieasum up to'^is mm in sice.^ NosT mineral qrlins 
averaging 0.1 mm in sice. Clear and turbid* subhed?a1 brown 
to light gray plagioc.»ase grains 0,5 mm in si?e make up 90'j of the samnle 
Opaques ranging from ■, 0.1 to 1.0 mm in sice are 85 of the rock, and clear 
subitedral brown pyroxene grains 0.3 mm in sice make up 25. * 

crystalline rock composed of 705 plagio- 
^0- pyroxene with a diabasic to subdiabasic texture. Three 
geneiations ot plagioclase are present: 

1. large, wel 1 -formed sblocky crystals, 

2. Smaller lath-shaped crystals, and 

3. Anhedml masses of plagioclase interstitial to the network 
ot other crystals. 

and occurs in anhedral masses of 

plagioclase. Shock effects are present in all crystals after plagioclase. 

polygramilar opaque minerals is present. Some fine 

^me'epox?‘lafrlIen 
If a"“s"«etdoriSi“i^ 
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Mass Dimensions 


1.23 g 1 .0 X 0.8 X 0.5 cm 

Sample 14433 is three pieces of friable, fractured, polymict breccia. 

SURFACE FEATURES 

There are no zap pits or cavities. Two planar fractures intersect at a 30° 
angle on the largest piece, which is about to break apart. 

PETROGRAPHIC DESCRIPTION 

This fragmental rock is a polymict breccia with 15% clasts larger than 1 mm 
and 85% matrix grains. Leucocratic lithic fragments up to 0.3 mm in length 
make up 90% of the rock. Some lithic fragments appear gabbroic, some basaltic, 
and some are olivine bearing. Mineral fragments are plagioclase and cinnamon 
brown pyroxene. These make up less than 1% of the rock. Angular dark brown 
to black glass fragments make up 9% of the rock. Large olivine inclusions are 
in feldspathic clasts. 
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Dimensions 


PHYSICAL CHARACTERISTICS 
Mass 

1.68 g 1 .7 X 0.8 X 0.6 cm 

Sample 14434 Is a very coarse-grained polymict breccia with 5 % larger 
grains. 

SURFACE FEATURES 

No pits or cavities are visible. Two non-planar fractures occur in two sets. 
It Is extensively dust covered. 

PETROGRAPHIC DESCRIPTION 

In hand specimen, sample T4434 appears to be a coherent, hoi ocrystal line 
rock with 5 % large grains of dark gray to brownish plagloclase set in a 
groundmass consisting of 93% clear light gray minerals, 1% cinnamon brown 
pyroxene, and 1% equant opaque oxides. 

Thin section 14434,2 reveals the sample to be a very coarse-grained poly- 
mict breccia with an average grain size of 0,4 mm. It Is composed of 
60% pyroxene, 40% shocked plagloclase (appearing as devltrifled maskelynite) , 
and a moderate amount of opaque minerals. Pyroxene crystals resemble 
proto-chondrules. All pyroxene crystals are twinned and deformed; many 
show exsolution features. One large crystal of pyroxene has been shocked 
to such an extent that only small, isolated domains of crystallinity remain, 
leaving the crystal milky brown in appearance. Only traces of free metal 
are visible, and there is less than 1% glass present in the section. 

There is a hint of layering in the rock with the plagloclase forming one 
layer and pyroxene, another. Numerous fractures are present in the 
section. 





PHYSICAL CHARACTERISTICS 


Mass Dimensions 

0.92 g lx 0.8 x 0.5 cm 

Sample 14435 is a holocrystalline, equigranular, coherent rock which appears 
to have been freshly broken. . 

SURFACE FEATURES 

No pits are present, but an irregular tube-shaped vesicle 1 mm long is 
present with no projecting minerals. 

There is one set of fractures with one member. The fracture surface is ir- 
regular. 

PETROGRAPHIC DESCRIPTION 

In hand specimen, sample 14435 appears to be a homogeneous, holocrystalline, 
equigranular rock with a groundmass consisting of light gray, slightly 
elongated grains of plagioclase and other light minerals approximately 0.1 
mm in size. Plagioclase and other light minerals form 98% of the ground- 
mass, and equant metallic opaques make up the other 2%, Sparsely distrib- 
uted grains of yellow green olivine and plagioclase account for less than 
1% of the composition. 

Examination of thin section 14435,1 shows the sample to be composed of 
numerous, small fragments. One fragment is 95% glass which exhibits flow 
lines, bubbles, and minor crystallites. The crystallites form bands within 
the glass. Fragment edges are ragged with a slight greenish cast. 

Other fragments visible in thin section appear to be fragments of a crystal- 
line rock lacking in igneous texture. Large shards and tiny lath-shaped 
crystals of plagioclase and some small olivine crystals are visible. The 
olivine crystals form a series of "chain-like" masses in the plagioclase. 
Some small, fine-grained fragments are present suggesting that this sample 
would fall under the clast-laden melt rock category in the classification 
of Simonds et 1977. Pyroxene occurs as small masses to tiny crystals 
in a fabric with a seriate texture. Shock effects are visible in all crys- 
tals and small spheres of metal are present in the glass. The sample is 
approximately 60% plagioclase and 40% pyroxene. 



14436 


PHYSICAL CHARACTERISTICS 

.. Dimensions 

Mass 

3 76 g ^ 

Sample 14436 Is a brownish gray sample which may be either an Igneous 
a dense, fine grained, fragmental rock. 


<;tlRFACE FEATURES 


There are no pits, cavities, or fractures 

PFTPnr,RAPHIC DESCRIPTION 

Sample 14436 Is textural ly and "ij^eralogl 
grained, with an average grain size of ap 
of Z% clear plaaloclase In subhedral gral 
pyroxene In euhedral grains 0.5 mm In si 2 
of 0.3 mm size. The rest of the sampl^ 
plagloclase In anhedral grains 0.3 mm, 
grains < 1 mm. 



PHYSICAL CHARACTERISTICS 


Dimeiisions 


2.65 g ^ 

Sample 14437 is a fragmental rock with all grains 
lithic fragments. 

SURFACE FEATURES 

Pits are generally unlined and rare 
They are spaced 0.2 - 1 mm apart and range 
ularly shaped clast molds ranging in size 
mostly on one side. There are no 
and cover 10% of the area c. — 

PETROGRAPHIC DESCRIPTION 

This rock is entirely composed of grains smaller 
lithic fragments. Mineral fragments are 
include 2% angular, chalky white 0.3 mm plagioclase 


Only one glass lined pit wi 
in size from 0.2 - 1 
from 0.3 to 1 mm occur 
,.j projecting minerals. They are 
of the side on which they occur. 



and turbid), and 1% brown pyroxene, 
pie and occur in a variety of shapes, 
honey brown, and green. 


Glass fragments compose 70% of the sam- 
One is vesicular. They are dark gray. 
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14438 



S-71-25388 


PHYSICAL CHARACTERISTICS 


3.35 g 


Dimensions 
2.2 X 1.4 X 1.0 cm 


Sample 14438 is a medium to light brownish gray, fragmental rock. 

SURFACE FEATURES 

Pits are unlined and measure 0.5 mm in diameter. Only one surface is pitted 
Other surfaces have irregular circular outlines which may be pits or may be ’ 
lightly spattered '/ith glass. There are no fractures. 

PETROGRAPHIC DESCRIPTION 

Sample 14438 is a friable, gray, polymict breccia. Less than 1% of the fraq- 
ments are clasts larger than 1 mm in size. The very fine grained (< 0.1 mm) 
matrix is light gray to brownish gray. Five percent of the rock is composed 

’ • ^‘1 P^^Qioclase grains (2%), 0.3 mm brown pyroxene 
(2^j, and 0.5 mm olivine (1%). Some fragments thought to be plaoioclase mav 
actually be polycrystalline clusters of granular olivine. Leucocratic lithic 


323 



f»"agments make ud o-p 

■^^i^agments. two kinds ^ sample. They aj'e almosf- ati 

- S£l:r 

They are clear’brown while oT^ 

■""" “■■ “■• ™ S»”I™ 


324 



14439 



S-71- 25392 




PHYSICAL CHARACTERISTICS 



Mass Dimensions 

1.00 g 0.9 X 0.7 X 0.3 cm 

This sample consists of two, small, subequal pieces of a fragmental rock. 
SURFACE FEATURES 

There are no pits or cavities. One set of non-planar fractures with members 
spaced 3 mm apart parallels the length of the sample. 

PETROGRAPHIC DESCRIPTION 


The sample is a very friable, fine grained, fragmental rock with all of the 
sample composed of grains smaller than 1 mm. The average grain size is < 0.1 
mm. About 86f> of the sample is very fine grained. Four percent of the sam- 
ple is composed of mineral fragments of white to clear plagioclase. There 
are no lithic fragments. Glass composes lOX of the rock. Glass spheres 
which are pale green to brown in color make up less than 15! of the sample. 
There are abundant angular glass fragments which are dark and vary in size 
from <0.1 to 7 mti. The larger ones appear vesicular. 
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14440 



S-71- 26859 


PHYSICAL CHARACTERISTICS 

Dimensions 

1*50 g 1.9 X 0.9 X 0.7 cm 

This sample is a blocky, angular, medium gray, holocrystalline rock with 
smooth, unpitted surfaces. 

SURFACE FEATURES 


No pits are present. There may be one non-planar fracture parallel to the 
long axis of the sample. 

PETROGRAPHIC DESCRIPTION 


Sample 14440 is a coherent, holocrystalline sample which has grains too fine 
to measure. It is textural ly homogeneous, but mineralogically inhomogeneous 
Three percent of the sample is clear and turbid, angular and anhedral' felds- 
par and less than 1% opaque minerals. The remainder is aphanitic. It 
appears to be a largely recrystallized, clastic rock. This should be deter- 
mined in thin section, however. 



14441 



S-71- 26840 


PHYSICAL CHARACTERISTICS 

Mass Dimensions 

1.23 g 1.8 X 0.8 x 0,8 cm 

This is a medium to dark gray, coherent, fragmental rock with a pronounced 
conical shape. 

SURFACE FEATURES 


There are no pits, cavities, or fractures. 

PETROGRAPHIC DESCRIPTION 

This sample is fragmental, with chalky white grains (probably feldspar) visi 
bie on 2 % of the surface giving the sample a slight "salt and pepper" appear 
ance. It is fine grained like' si Its tone in appearance and no other mineral 
or glass fragments can be identifyed under the binocular microscope. It is 
possibly a shatter cone. Glass coats the base of the rock. 




14442 



S-71-26848 


PHYSICAL CHARACTERISTICS 

Mass Dimensions 

3.51 g 2.3 X 1 .4 X 1 .0 cm 

Sample 14442 is a small, blocky, friable, medium gray fragment which resem- 
bles siltstone in appearance. 

SURFACE FEATURES 


No pits or cavities were observed. There is one planar fracture with a smooth 
surface oriented parallel to the long axis of the rock. 

Twenty percent of the rock surface is covered with vesicular, black glass. 
Vesicles are uniformly distributed through the glass coating and range from 
0.2 to 1.5 mm in diameter. 

PETROGRAPHIC DESCRIPTION 


The sample is friable, very fine grained, and homogeneous in texture and 
mineralogy except for approximately 5% white, angular, chalky fragments and 
less than ^% pyroxene and olivine grains which are visible under the bino- 
cular microscope. 
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PHYSICAL CHARACTERISTICS 

Mass Dimensions 

2 5 g 2.0 X 1.6 X 1.2 cm 

The sample is a dust covered, slightly elongated, hoi ocrystal line rock 
SURFACE FEATURES 

There are no pits, fractures, or cavities. 

PETROGRAPHIC DESCRIPTION 

Sample 14443 is a coherent, very fine grained, hoi ocrystal line rock wh 
homogeneous in both texture and mineralogy. It contains 455! feldspar 





14444 



S-71-25994 


This is a very light gray, coherent, holocrystall ine rock with 4% megacrysts. 
SURFACE FEATURES 

Glass lined pits of varying size cover 15% of one surface of the rock. The 
zap pits occur on seemingly broken surfaces. Vugs are irregular in shape 
and range from 0.1 to 0.5 mm in size. The vugs are homogeneously distributed 
and spaced 1 cm apart. Vugs account for one percent of the rock. There are 
no projecting minerals visible. 

PETROGRAPHIC DESCRIPTI ON 


PHYSICAL CHARACTERISTICS 


The sample consists of 1% 0.5 mm olivine with opaque inclusions, 2% pale gray 
to colorless plaqioclase megacrysts with opaoue inclusions, opaques < O.l'mm, 
3-5% spinel (?), < 1% pale brown pyroxene (?), and 93% fine grained (0.2 mm) 
pale gray to white granular groundmass. Some plagioclase laths with poly- 


Mass 


Dimensions 







synthetic twinning are present in the' groundmass. 
tL rock may be either phenocrysts or relicts in a 


The large grains in 
recrystallized ground- 


mass. 






PHYSICAL CHARACTERISTICS 


Dimensions 
2.5 X 1 .8 X 1 .2 cm 


Mass 
9,22 g 

Sample 14445 is a blocky, subangular, medium gray, hackly, polymict breccia 
with moderate cohesiveness. 

SURFACE FEATURES 

There are three unlined cavities which may be zap pits. Dust obscures most 
of the sample. There are no visible fractures. One equant clast mold 3 mm 
in size occurs on the rock surface. There are 3 x 2 mm slickensides expos- 
ing metallic particles present. 

PETROGRAPHIC DESCRIPTION 

In hand specimen, sample 14445 appears to be fine grained with an average 
grain size from 0.1 to 0.2 mm. The texture of the matrix is seriate. The 
rock is not homogeneous. There are 10-15% clasts larger than 1 mm and 
85-90% matrix grains. Plagioclase, pale brown pyroxene, and olivine are 
present, but adhering dust prevents accurate percentage estimation. 

Clasts are melsnocratic lithic fragments, some as large as 7 mm across. 

They are angular to subangular. One large pyroxene (0.5 mm) is in a dark, 
aphanitic clast. Dust obscures the matrix. 

Examination of thin section 14445,3 reveals the sample to be a glass-rich 
breccia with approximately 20% "glass" in the matrix (< 1 mm). Several 
lithic fragments are present but the predominate fragments are mineral 
crystal segments. The rock would fall into the VMB/LMB classification of 
Simonds ^ (1977) . 

The clasts (> 1 mm) are those of a crystalline rock composed of pyroxene and 
plagioclase. The texture is net classically igneous in nature, but more 
a random mixture of the two minerals suggesting that the clasts are melt 
rock fragments. There is also a large single crystal of pyroxene present 
which is twinned and somewhat zoned. 

The matrix (< 1 mm) is composed of 10% lithic fragments, 70% mineral frag- 
ments and the 20% glassy material. Of the mineral fragments, 80% are 
pyroxene and 20% are plagioclase. There are small anhedral crystals of 
olivine in several of the pyroxene and plagioclase crystals. There is minor 
exsolution along the twin planes in some of the pyroxene grains. Most of 
the mineral fragments show some reaction with the glassy bonding material. 

A small amount of opaque mineral fragments are also present. 
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14446 


S-71-26013 


PHYSICAL CHARACTERISTICS 


Dimensions 


This sample consists of four small chips of plagioclase-rich rock 


SURFACE FEATURES 


The irregular surface contains no pits or fractures. Vugs which are 0.2 to 
1 mm in diameter are common. They are lined with projecting pUgioclase 
crystals. 


PETROGRAPHIC DESCRIPTION 


The rock is friable and fine grained with an average grain size of 0.1 mm. 

It consists of megacrysts of light gray, subhedral, 1 - 2 mm feldspar (5%); 

< 0.1 mm metallic black opaques (2 - 3%); white to pale gray, very fine 
grained groundmass (92%). Some plagioclase laths with polysynthetic twinning 
may be present in the groundmass. 




14447 



PHYSICAL CHARACTERISTICS 


Mass Dimensions 

0.91 g 1.3 X 1.0 X 0.6 cm 

This small sample is blocky and angular in shape, it has a very hackly sur- 
face. It appears to be an agglomeration of fine grained elastics that is 
held together with glass. 

SURFA C E FEATURES 

There is one slickensided surface. There are no pits. There are numerous 
fractures appearing in many sets spaced 1 mm apart. 

The surface is BOX glass covered. The glass coating is very vesicular. 
Vesicles are spaced 1 mm apart and are 0.1 to 2 trsn In size. Many are dust 
filled, others are deep, fragile and very jagged. The color of the glass 
on a thin edge is brownish gray to honey color. Elongate cavities which 
appear to be clast molds are 1 x 2 mm in size. 
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PETROGRAPHIC DESCRIPTION 

This friable (held together by glass), polymict, fragmental rock consists 
of leucocratic lithic fragments. Only one or two clasts are larger than 
1.0 mm. The matrix of light gray material is too fine grained (< 0.1 mm) 
to resolve. 
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14448 


S-71-26021 


PHYSICAL CHARACTERISTICS 


Dimensions 

1-06 g 1.6 X 1.3 X 0.4 cm 

This sample is an agglomerate of fine grained, clastic rocks held together 
by spatter glass. 

SURFACE FEATURES 

Glass lined zap pits are present but few in number. Glass spatter is present 

on one surface and covers 40% of the rock. Vesicles which are filled with 

nne grained, clastic material occur on the surface of the glass. These 

range in size from 0.1 to 2.0 mm and are spaced 0.3 mm apart. Many fractures 

and fracture sets occur with irregular fracture surfaces. 

PETROGRAPHIC DESCRIPTION 

Sample 14448 is an agglomerate of fine grained (< 0.1 mm), clastic rocks held 
together by glass and is similar to sample 14447. It is friable and inhomo- 





geneous. Two percent of the fragments are clasts larger than 1 mm. 

Mineral fragments are present, but are too small to identify. Lithic frag- 
ments are leucocratic and comprise 3 - 4% of the matrix. These are crystal- 
line rock fragments. One large (2x4 mm) clast has specks of opaque oxides. 
The rest of the clast is light granular material. 
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14449 


PHYSICAL CHARACTERISTICS 


Dimensions 


'•7g 1.0x1. 0x1. 5 cm 

Sample 14449 is a gray, friable, freshly broken chip of clastic rock 
SURFACE FEATURES 


Pits less than U.5 mm in diameter occur on 15« of the surface. A thin veneer 
of glass coating has a thickness of -v- 1 mm. It occurs on a 1 cm^ surface. 
Round holes in the glass are numerous and due to surface contraction during 
cooling. Hemispherical and cylindrical shaped cavities range from 0.5 - 1 mm 
in size and are approximately 1 mm in depth. They have random distribution 
and are 3 - 4 mm apart. There are no projecting minerals. Clast molds are 
also present. 

Two sets of planar fractures and many tiny non-planar, hair-like cracks 
occur in the rock. The first set has two members spaced 2 mm apart. It is 
subparallel to the freshly broken surface. 





petrographic DESCRTPTTnM 

i^siL^from T-Ymil^arl^ess^thars®^^^ ranging 

cratic, and some seeS ?o be1rag^:Lts'“o^o?L^'c^.^t^•^"^^ 

^5®^>^ock IS matrix less than ofc mm in si 7 P percent 

bie but the 1 cm^ glass coatino wifhTvIJ ? , fragments are visi- 

Only approximately 10 pits were observed!^^'^^^^ density is noteworthy. 




PHYSICAL CHARACTERISTIC^ 

Dimensions 

Mass 

1.8 X 1.1 X C. 6 cm 

The sampl! is an agglomerate of friable, elastic clods bonded by dark gray 
to honey brown vesicular glass. 

<;ilRFACE FEATURES 

The glassy covering --‘5„>>^'/5tasl”co;errnn'^^^ 

face. Zap pits are °".^"%?oro.l to 0.5 mm and are unlined. Thj 

rock surface. Pits range ^ ... haven't reached the surface and ti 

0- -11 defined planar fract. 

cuts both glass covering and rock interior. 
pr mnRRAPHIC DESCRIPTlQ Ij 

l^^“Sl^rl^irus'^n'"tfxt:r^a"d:^ne?!1o?” 


than 1 mm. One 3 mm lithic clast is leucocratic and contains opaque 
oxides, the rest being fine grained, light minerals. A 2 mm clast is leuco- 
cratic with megacrysts of plaoioclase and pyroxene in a very fine grained 
matrix which is probably rich in plagioclase with some opaque gram. 






PHYSICAL CHARACTERISTICS 

Mass Dimensions 

2-109 1.3 X 1.0 X 0.9 cm 

This sample is a very light gray, coherent, massive, inequigranular, holo- 
crystalline rock. 

SURFACE FEATURES 


The surface is dust covered, but three glass lined zap pits from 0.5 - 1.5 mm 
in diameter are visible occurring as remnants. They occur as white haloes 
in the surrounding rock on several faces. Two types of cavities are present. 
One is cylindrical, 0.3 mm wide and 3 mm deep, and the other is a spherical 
crystal mold, 2.0 x 1.5 mm in size. Remnants of olivine appear on one edge 
of the mold. There are no projecting minerals in the vesicle. Two planar 
fractures, not members of the same set, occur at 40'’ to one another. On® 
fracture parallels the major and intermediate axes of the sample. 





-V: 

■<i- ri: 


■ ^ : 


PETROGRAPHIC DESCRIPTION 

«;amnip 14451 1s a massive hoi ocrystal line rock v^/hich is textural ly and 
SCralJgicallJ heferogeneous. Very sparse megacrysts of olivine and of a 
dark bv'own mineral (probably pyroxene) are visible. As was 
nu^lv Ha^irclast of olivine has fallen out leaving some olivine behind. 

Tn contrast megacrysts of the dark brown mineral project from the surface. 
9^11 amounts ofy^^ green olivine or pyroxene, cinnamon brown pyroxene,^ 
aSd ooS bxides occur in the groundmass. Plagioclase is the dominant miner- 
^?^.-n’^?hfmatrir occurring in nearly equant interlocking grains. Metallic 
black SSlqueHrl zi rtte rock. 0.1 J oHvIne grains, lit. and 0.1 - 
pyroxene grains are 1% of the sample. 
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14452 


PHYSICAL CHARACTERISTICS 


Dimensions 


Sample is a fine grained, gray, clastic rock 


SURFACE FEATURES 


The irregular surface is 50% glass-covered. The glass is olive brown and 
highly vesicular with collapsed depressions. Pits appear on the side 
opposite the spatter and have an average size of 0.7 mm. Vesicles in the 
glass spatter are circular in shape with a range of < 0.1 trni to 0.2 mm in 
size. They are homogeneously distributed, and are in contact with one 
another. They cover 40% of the glass spatter. Glass drapes over the cor- 
ners of the rock and appears to have dribbled down the side. Thif could be 
a possible indication of orientation. 

PETROG'-APHIC DESCRIPTION 


Sample 14452 is homogeneous in texture and mineralogy and is composed 
entirely of grains less tha»> 1 nm. The average grain size is less than 




0.1 mm. Visible as larger fragments {0.1 - 1 mm) are: 

1) A powdery white clast with a delicately scalloped surface. The 
white mineral composes 70?i of the visible grains in the clast. 

The other 30% consists of dark gray feldspar and a trace of 
opaque black minerals. 

2) Angular feldspar fragments up to 0.5 mm in size. 

3) Black, very irregular crystals of an opaque mineral . 

4) Resinous orange-brown pyroxene present in trace amounts. 

5) Possible fragments of pale greenish glass. 

The olive-brown glass spatter which covers half the rock surface is very vesi- 
cular. Smooth lipped depressions are present where vesicles collapsed while 
the rock was still fluid. It may be possible to perform viscosity calcula- 
tions on the glass spatter. This spatter appears to be thinner than that 
on Apollo 11 and 12 samples. 
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PHYSICAL CHARACTERlSTiry; 


6.03 g 


Dimensions 
2.5 x2,0 X 1.5 cm 


This is a banded, light gray, slightly flattened, breccia chip. 

SURFACE FEATIIRF.S 
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SAMPLE MODELS AND GENEOLOGIES 


In order to facilitate the job of determining specific sample orientation 
and orientation within the parent, as well as for historical interest, 
models of the larger lunar samples have been constructed by the curatorial 
staff. Photographs of the models made of Apollo 14 samples are included 
in this section to acquaint the scientific community with their availability 
and to help lunar scientists identify the original location of their sample 
within the parent rock. 

Geneologies of several Apollo 14 samples have been made and are also in- 
cluded. These geneologies do not reflect any processing which has taken 
place since the first thin section was made of each sample. It is hoped 
that these methods of illustrating samples will prove useful, and will be- 
come a routine part of sample documentation procedure. 
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Sample # ,Massfg) Doc. Baa 

14006 

12.13 


14007 

3.67 



14008 

4.35 



14009 

1.09 



14010 

1.00 


14011 

0.68 

^ 

14041 

166.30 

3N 

14042 

103.20 

3N 

14043 

5.94 

3N 

14045 

65.24 

4N 

14047 

242.00 

5N 

14049 

200. 00 

6N 

14051 

191.30 

7N 

14053 

251.30 

14N 

14055 

111.00 

15N 

14056 

6.38 

15N 


14057 

14058 

14059 

14060 

14061 

14063 

14064 


5.51 

4.53 

8.68 

2.50 

3.11 

135.50 

107.00 


15N 

15N 

15N 

15N 

15N 

16 N 

16N 


Weigh Bag 

1039 

1039 

1039 

1039 

1039 

1039 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 

1006 
1006 
1006 
1006 2 
1006 2 
1006 2 
1006 2 
1 006 2 


Station Type Samp 7 p 


1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


LM 

LM 

LM 

LM 

LM 

LM 

A 

A 

A 

A 

B 

Bg 

C' 

C2 

E 

r 

E 

E 

E 

E 

E 

Cl 

Cl 


CMB 

Breccia 

Breccia 

Breccia 

Breccia 

Breccia 

VMB 

VMB 

Breccia 

VMB 

VMB 

VMB 

CMB 

Basalt 

VMB 

Soil Clod 
Soil Clod 
Soil Clod 
Soil Clod 
Breccia 
Breccia 
LMB 
LMB 


Remarks 

Contingency Sample 
Contingency Sample 
Contingency Sample 
Contingency Sample 
Contingency Sample 
Contingency Sample 


Same rock as 14041 
Same rock as 14041 
Same rock as 14041 


© 



Two rocks in Bag 15 N 
Two rocks in Bag 15N 

Two rocks in Bag 15M 

Two rocks in Bag 15N 5 

Two rocks in Bag 15 M ^ 

Two rocks in Bag lEN ” 

Two rocks in Bag 15N 

Two rocks in Bag 16N 

Two rocks in Bag 16N 
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Apollo 14 Rock Inventory Sunmary (Cont.) 


Sample # 

Mass(g) 

Doc. Bag Weigh Bag ALSRC 

EVA# 

Station Type Sample 

Ranarks 

14066 

509.80 

17N 

— 

1006 

2 

F 

CMB 


14068 

35.47 

ION 

— 

1006 

2 

C' 

Melt Rock 


14069 

24.87 

ION 

— 

1006 

2 

C 

CMB 


14070 

36.56 

ION 

— 

1006 

2 

C 

CMB 


14071 

2.16 

ION 

— 

1006 

2 

c 

Crystalline 


14072 

45.06 

ION 

— 

1006 

2 

C' 

Basalt 


14073 

10.35 

20N 

— 

1006 

2 

G 

Melt Rock 

Bottom of trench 

14074 

5.16 

20N 

— 

1006 

2 

G 

Melt Rock 

Bottom of trench 

14075 

4.66 

20N 


1006 

2 

G 

Breccia 

Bottom of trench 

14076 

2.00 

20N 


1006 

2 

G 

Breccia 

Bottom of trench 

14077 

2.77 

20N 

— 

1006 

2 

G 

Crystalline 

Bottom of trench 

14078 

8.30 

20N 

— 

1006 

2 

G 

Melt Rock 

Bottom of trench 

14079 

3.17 

20N 

— 

1006 

2 

G 

Melt Rock 

Bottom of trench 

14080 

1.94 

21 N 

— 

1006 

2 

G 

Breccia 

Middle of trench 

14081 

0.34 

21 N 

— 

1006 

2 

G 

Breccia 

Middle of trench 

14082 

62.63 

13N 

— 

1006 

2 

Cl 

LMB 

White rock 

14083 

13.37 

13N 

— 

1006 

2 

Cl 

LMB 

Same as 14082 

14169 

78.66 

— 

1027 

— 

1 

ALSEP 

CMB 

*FSR Chips 

14170 

26.34 

— 

1027 

— 

1 

ALSEP 

Breccia 

FSR Chips 

14171 

37.79 

— 

1027 

— 

1 

ALSEP 

CMB 

FSR Chips 

14172 

32.10 

— 

1027 


1 

ALSEP 

CMB 

FSR Chips 

14173 

19.59 

— 

1027 

— 

1 

ALSEP 

Breccia ? 

FSn Chips 


*FSR = Football size rocks 
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Apollo 14 Rock Inventory 


Sample # 

Hass(g) Doc, Bag Weigh Bag 

14174 

11.62 

1027 

14175 

7.48 

1027 

14i:^6 

4.12 

1027 

14177 

2.32 

1027 

14178 

2.88 

1027 

14179 

3.03 

1027 

14180 

4.75 

1027 

14181 

2.48 

1027 

14182 

2.29 

1027 

14183 

1.40 

1027 

14184 

1.48 

1027 

14185 

1.52 

1027 

14186 

1.26 

1027 

14187 

1 09 

1027 

14188 

1.60 

1027 

14194 

4.28 

1031 

14195 

2.77 

1031 

14196 

3.93 

1031 

14197 

1.63 

1031 

14198 

1.63 

1031 

14199 

1.88 

1031 

14200 

1.24 

1031 

14201 

1.56 

1031 



2 

2 

2 

2 

2 

2 

2 

2 


Summary (Cont.) 

Station Type Sample 
ALSEP CMB 
ALSEP CWB 
ALSEP Breccia 
ALSEP Breed a 
ALSEP Breccia 
ALSEP Cumulate 
ALSEP Breccia? 

ALSEP Troctolitic 
ALSEP Breccia 
ALSEP Breccia 
ALSEP Breccia 
ALSEP Breccia 
ALSEP Breed a 
ALSEP CMB 
ALSEP Breccia 
Dg Breccia 
Dg,G Breccia 
Dg,G Breccia 
Dg,G Breccia 
Dg,G Melt Rock 
Dg,G Breccia 
Dg,G Basalt 
Dg,G Breccia 


Remarks 
FSR Chips 
FSP Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 
FSR Chips 

14301.306.308.310.311 

14301.306.308.310.311 

14301.306.308.310.311 

14301,306,308,310,311 

14301,306,308,310,311 

14301,306,308,310,311 

14301,306,308,310,311 

14301,306,308,310,311 


Chips 

Chips 

Chips 

Chips 

Chips 

Chips 

Chips 

Chips 




Apollo 14 Rock lo'/eEtory CCorst.j 



S2r;p1e # 

'Vassig) 

Ooc.Eag 

Ueigh Bag ALSEC 

mi 

station 

Type Sarnple 

Vazavks 


1425*3 

4.06 


1039 

- — 

1 

ALSE? 


0cc:prsSiSRsl7e dii^s. 


14251 

1,51 . 


Ccrip.Bag 

1007 

1 

ALSEP 

Breccia 

Skips frcz ccr;p. firtes 


14252 

0.86 



Ccnnp.Bag 

1007 

1 

AISEP 

Breccia 

Chips fmz cozp. fljses 


14253 

1.23 

— 

CGnp-Bag 

1007 

1 

ALSEP 


Chips frcm oozp, fires 


14254 

1,01 


Ccmp.Bag 

1007 

1 

ALSEP 

Breccia 

Chips froz cG~p. fires 


14255 

22-15 


Csn^J.Bag 

1007 

1 

ALSEP 


Chips fraz cozp. fires 


14254 

117.90 


1039 

— 

1 

ALSEP 

Vt'3 

Ccruprehersive rcchs ' 


14255 

65.79 


1039 

— 

1 

ALSEP 

Tf‘'B 

Ccirpreherslve rscks 


14265 

6.95 

— — 

1039 


1 

ALSEP 

C!*:B 

Ccjnprehersive rochs 


14267 

54.77 

..... 

1039 

— 

1 

AISEP 

Breccia 

Ccmprsherslye rocks 

a 

14262 

23.12 

... 

1039 


1 

ALSEP 

TKB 

Cc:iprehers1ye rocks. 

4^ 

14265 

17.19 

... 

1039 

— 

1 

ALSEP . 

T^'B 

Ccrnpreherslye rocks 


14270 

25.53 

... 

1039 

— 

1 

ALSEP 

CK5 

Ccrpreheftslye rocks 


14271 

97.41 

... 

1039 

— 

1 

ALSEP 

TAB 

Ccrpreherslye rocks 


14272 

46.64 

... 

1039 

— 

1 

ALSEP 

T'B 

Con'preherslye rocks 


14273 

22.40 

... 

1039 

— 

1 

ALSEP 

7^:3 

CoiJ;prehejisl7e rocks 


14274 

15.18 

' ... 

1039 

— 

1 

ALSEP 

C'B 

Co:!^prehers1ve rocks 


14275 

12.45 

... 

1039 

— 

1 

ALSEP 

VKB 

Con:prehei!s1ve rocks 


14276 

12.75 

... 

1039 

- — 

1 

ALSEP 

Basalt? 

Comprehensive rocks 


14277 

7.59 


1039 

— 

1 

ALSEP 

VKB 

CompreheriSive rocks 


14278 

7.60 

... 

1039 

— 

1 

ALSEP 

Breccia? 

Comprehensive rocks 


14279 

5.67 



1039 

— 

1 

AISEP 

CJ'-E 

Comprehensive rocks 


14280 

6.20 


1039 

— 

1 

ALSEP 

TKB 

Comprehensive rocks 


Apollo 14 Rock Inventory Summary (Cont.) 


Sample # Mass(g)_ 

14281 12*03 

14282 1*89 

14283 1-25 

14284 1*47 

14285 2.23 

14286 4.42 

14287 1*07 

14288 3.44 

14294 3.43 

14295 1*24 

14296 2.26 

14297 1*73 

14301 1361.0 

14302 

14303 898.4 

14304 2499.0 

14305 2498.0 

14306 584.50 

14307 155.00 

14308 — — 

14309 42.40 

14310 3439.00 

14311 3204.00 


Doc. Bag Weigh Bag, 
1039 
1039 
1039 
1039 
1039 

1039 

1039 

1039 

1038 

1038 

1038 

1038 

1038? 

1027 

1027 

1027 

1027 

26N 1031 

25N 1031 

1031 
1031 
1031 
1031 


ALSRC EVA# Station Type Sample 

1 ALSEP VMB 

1 ALSEP CMB 
1 ALSEP VMB 

1 ALSEP Breccia 

^1 ALSEP Breccia 

1 ALSEP Breccia 

1 ALSEP Breccia 

1 ALSEP Breccia 

2 H Breccia 

2 H Breccia 

2 H Breccia 

2 H Breccia 

2 G1 VMB 

1 ALSEP Breccia 

1 ALSEP CMB 

1 ALSEP CMB 

1 ALSEP CMB 

2 G CMB 

2 G VMB 

2 D VMB 

2 ? Breccia? 

2 G Melt Rock 

2 0 CMB 


Remarks 

Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Comprehensive rocks 
Residue, Bag 1038 
Residue, Bag 1038 
Residue, Bag 1038 
Residue, Bag 1038 

Renumbered 14305,18 
Mated to 14304 (FSR) 

Mated to 14303 (FSR) 

Mated to 14302 (FSR) 

3 pieces renumbered 14311 
Broken from unknown rock 
Near trench 
Mated to 14308 


Apollo 14 Rock Inventory Summary (Cont.) 


Sample # 

Mass(g) 

Doc.Baq V/eiqh Baq ALSRC 

EVA# Station Type Sample 

Remarks 

14312 

299.00 


1038 

— 

2 

H 

CMB 


14313 

144.00 

27N 

1038 


2 

G1 

VMB 


14314 

115.70 

— 

1038 


2 

H 

CMB 


14315 

115.00 

— 

1038 

— 

2 

H 

VMB 


14316 

38.20 

— 

1038 

— 

2 

H 

VMB 


14317 

16.10 

— 

1038 


2 

H 

VMB 


14318 

600.20 


1038 

— 

2 

H 

VMB 


14319 

211.60 

— 

1038 


2 

H 

CMB 


14320 

64.90 

— 

1038 

— 

2 

H 

CMB 


14321 

8998.00 

— 

1038 

— 

2 

Cl 

CMB 

Big Bertha 

14425 

.79 

— - 

2 

1007 

1 

LM 

8mm Spherule 

Bulk Sample 

14426 

1.59 

- — 

2 

1007 

1 

LM 

Breccia 

Bulk Sample 

14427 

4.47 

— 

2 

1007 

1 

LM 

Breccia 

Bulk Sample 

14428 

1.47 

— 

2 

1007 

1 

LM 

CMB 

Bulk Sample 

14429 

3.03 

— 

2 

1007 

1 

LM 

CMB 

Bulk Sample 

14430 

4.81 

— 

2 

1007 

1 

LM 

Brecci a 

Bulk Sample 

14431 

1.70 

— 

2 

1007 

1 

LM 

Melt Rock 

Bulk Sample 

14433 

1.23 


2 

1007 

1 

LM 

Basalt? 

Bulk Sample 

14434 

1.68 


2 

1007 

1 

LM 

CMB 

Bulk Sample 

14435 

0.92 


2 

1007 

1 

LM 

CMB 

Bulk Sample 

14436 

3.76 


2 

1007 

1 

LM 

Basalt? 

Bulk Sample 

14437 

2.65 


2 

1007 

1 

LM 

Brecci a 

Bulk Sample 
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Apollo 14 Rock Inventory Summary (Cont.) 

Sample f Mass(g) Doc. Bag We igh Bag ALSRC EVA# Station Type Sample Remarks 


14438 

2.35 

— 

2 

1007 

1 

LM 

Breccia 

Bulk Sample 

14439 

1.00 

— 

2 

1007 

1 

LM 

Breccia 

Bulk Sample 

14440 

1.50 

— 

2 

1007 

1 

LM 

Basalt 

Bulk Sample 

14441 

1.23 


2 

1007 

1 

LM 

Breccia 

Bulk Sample 

14442 

3.52 

— 

2 

1007 

1 

LM 

Breccia 

Bulk Sample 

14443 

2.54 

— 

2 

1007 

1 

LM 

Basalt 

Bulk Sample 

14444 

1.56 

— 

2 

1007 

1 

LM 

Basalt 

Bulk Sample 

14445 

9.22 

— 

2 

1007 

1 

LM 

Breccia 

Bulk Sample 

14446 

0.82 

— 

2 

1007 

1 

LM 

Basalt 

Bulk. Sample 

14447 

0.91 

— 

2 

1007 

1 

LM 

Brecci a 

Bulk Sample 

14448 

1.06 

— 

2 

1007 

1 

LM 

Breccia 

Bulk Sample 

14449 

1.70 

— 

2 

1007 

1 

LM 

Breccia 

Bulk Sample 

14450 

1.27 


2 

1007 

1 

LM 

Breccia 

Bulk Sample 

14451 

2.10 


2 

1007 

1 

LM 

Basalt 

Bulk Sample 

14452 

1.77 


2 

1007 

1 

LM 

Breccia 

Bulk Sample 

14453 

6.03 

— 

2 

1007 

1 

LM 

Breccia 

Bulk Sample 


Original number of samples was 227. 

Original mass of returned sample was 42,284.71. 
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APPENDIX 

II 



Apollo 14 Lunar Surface 
{Swann e^ , 

Documentation 

1977) 


Sample 

Lunar Surface Photo # 

Location Status 

Orientation 

14006-14011 

65-9206 LM Pan B 

65- 9325 LM Pan A 

66- 9339 LM Pan A 

Approx. 

N/A 

14041 

68-9409 DSB 

Known 

Unknown 

14042 

68-9410 XSB 



14043 

14045 

68-9411 XSB 
68-9412 XSA 
68-9413 LOG 



14047 

64-9073 XSB 
64-9074 XSB 

Known 

Known 

14049 

None 

Approx. 

Unknown 

14051 

68-9443 XSB 
68-9444 XSB 
68-9445 DSB 
68-9446 XSA 
68-9447 LOG 

Known 

Known 

14053 

64-9130 XSB 
64-9131 XSB 
64-9132 XSB 
64-9133 XSB 

Known 

Surface 

Pitting 

14055 

14056 

14057 

14058 

14059 

14060 

14061 

None 

Approx. 

Unknown 

14063 

14064 

None 

Approx. 

Unknown 

14066 

64-9137 Pan B 
May include sample 

Approx. 

Unknown 

14068 

14069 

14070 

14071 

14072 

64-9125 XSB 
64-9126 XSB 
64-9126 XSB 
None 
None 

Known 

Tentative 
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Sample 

14073 

14074 

14075 

14076 

14077 

14078 

14079 

14080 

14081 

14082 

14083 

14169-14188 


14194-14201 

14250-14288 


14294-14297 

14301 


14303 

14304 

14305/14302 

14306 


14307 

14311/308 

14309 

14310 


APPENDIX II (continued) 

I ,.n.r Surface Photo I location Stat us 


64-9158 XSB 
64-9159 XSB 

Known 

64-9160 XSA 
64-9161 XSA 
64-9162 XSA 
64-9163 XSA 
64-9164 XSA 
64-9165 XSA 
64-9166 DSA 


68-9452 XSA 
68-9453 XSA 

Known 

67-9388 USB 
67-9389 DSB 

Approx. 

No Photos 

U' known 

67-9388 USB 
67-9389 DSB 

Approx. 

Not Identified 

Tentative 

64-9188 DSLOC.B 

Known 

68-9466 XSB 
68-9467 XSA 

Approx. 

67-9390 XSB 
67-9391 XSB 
67-9392 XSB 
67-9393 XSB 


68-9459 DSB 
68-9460 XSB 

Known 

68-9461 XSB 
68-9462 XSA 
68-9463 XSA 
68-9464 LOG 


No Photos 

Approx. 

No Photos 

Approx. 

No Photos 

Unknown 

No Photos 

Approx. 


Orientation 

N/A 


Surface 
Pitting only 

N/A 

Unknown 

N/A 

Unknown 

Known 


Surface Pitting 
Known 


Known 


Surface 
Pitting only 

Surface 
Pitting only 

Unknown 

Surface 
Pitting only 
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APPENDIX II (continued) 


Sample 

Lunar Surface Photo ^ 

Location Status 

Orientation 

14312 

68-9472 XS8 
68-9473 XSB 
68-9474 XSB 
68-9475 XSB 
68-9476 XSA 
68-9478 Pan A 
68-9479 Pan A 

Known 

Known 

14313 

64-9188 DSL0C,B 
68-9465 XSB 
68-9466 XSB 
68-9467 XSA 

Known 

Known 

14314 

68-9472 XSB 
68-9473 XSB 
68-9474 XSB 
68-9475 XSB 
68-9476 XSA 

Tentative 

Unknown 

14315 

68-9468 XSB 
68-9469 XSB 
68-9470 XSA 
68-9471 XSA 

Known 

Tentative 
from lab 
model 

14316 

14317 

Not identified 
in North Boulder 
Field photographs 

Tentative 

Unknown 

14318 

68-9468 XSB 
68-9469 XSB 
68-9470 XSA 
68-9471 XSA 

Known 

Known 

14319 

68-9472 XSB 
68-9473 XSB 
68-9474 XSB 
68-9475 XSB 
68-9476 XSA 
68-9478 Pan A 
68-9479 Pan A 

Known 

Known 

14320 

Not Identified 
in North Boulder 
Field photographs 

Tentative 

Unknown 

14321 

64-9128 XSB 
64-9129 XSB 

Approx. 

Known 

14425 

14453 

Probably ln LM 
window photographs 
but not identified 

Unknown 

N/A 


NASA-JSC 
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